Land, Power and Technology
Essays on Political Economy and Historical Development

Shuhei Kitamura

ii

© Shuhei Kitamura, Stockholm, 2016
ISBN 978-91-7649-399-1
ISSN 0346-6892
Cover Picture: Katsushika, Hokusai.The Great Wave off Kanagawa, 1831.
Printed in Sweden by Holmbergs, Malmö 2016
Distributor: Institute for International Economic Studies

iii
Doctoral Dissertation
Department of Economics
Stockholm University

Abstract
Land Ownership and Development: Evidence from Postwar
Japan. This paper analyzes the effect of land ownership on technology adoption and structural transformation. A large-scale land reform
in postwar Japan enforced a large number of tenant farmers who were
cultivating land to become owners of this land. I find that the municipalities which had many owner farmers after the land reform tended
to experience a quick entry of new agricultural machines which became
available after the reform. The adoption of the machines reduced the
dependence on family labor, and led to a reallocation of labor from agriculture to industries and service sectors in urban centers when these
sectors were growing. I also analyze the aggregate impact of labor reallocation on economic growth by using a simple growth model and micro
data. I find that it increased GDP by about 12 percent of the GDP in
1974 during 1955-74. I also find a large and positive effect on agricultural
productivity.
Loyalty and Treason: Theory and Evidence from Japan’s
Land Reform. A historically large-scale land reform in Japan after
World War II enforced by the occupation forces redistributed a large
area of farmlands to tenant farmers. The reform demolished hierarchical
structures by weakening landlords’ power in villages and towns. This
paper investigates how the change in the social and economic structure of small communities affects electoral outcomes in the presence of
clientelism. I find that there was a considerable decrease in the vote
share of conservative parties in highly affected areas after the reform. I
find the supporting evidence that the effect was driven by the fact that
the tenant farmers who had obtained land exited from the long-term
tenancy contract and became independent landowners. The effect was
relatively persistent. Finally, I also find the surprising result that there
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was a decrease, rather than an increase, in turnout in these areas after
the reform.
Geography and State Fragmentation. We examine how geography affects the location of borders between sovereign states in Europe
and surrounding areas from 1500 until today at the grid-cell level. This
is motivated by an observation that the richest places in this region also
have the highest historical border presence, suggesting a hitherto unexplored link from geography to modern development, working through
state fragmentation. The raw correlations show that borders tend to
be located on mountains, by rivers, closer to coasts, and in areas suitable for rainfed, but not irrigated, agriculture. Many of these patterns
also hold with rigorous spatial controls. For example, cells with more
rivers and more rugged terrain than their neighboring cells have higher
border densities. However, the fragmenting effects of suitability for rainfed agriculture are reversed with such neighbor controls. Moreover, we
find that borders are less likely to survive over time when they separate
large states from small, but this size-difference effect is mitigated by,
e.g., rugged terrain.
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Es irrt der Mensch, solang’ er strebt.
(Man errs as long as he doth strive.)
J. W. von Goethe
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Chapter 1
Introduction
This thesis consists of three self-contained essays on land, power, and
technology. The first two essays examine the effects of a historically
large-scale land reform in Japan, and the last essay studies the effects
of geography on state fragmentation in Europe and surrounding areas.
All essays are connected through land (or earth).
In Slavic and Japanese literature, “earth” is often used as a metaphor
for all humans, animals, and plants that live on the same planet. This
does not only include all living things at present, but also their ancestors.
For example, Fyodor Dostoyevsky is fond of using the expression such
as “kiss the earth” in his work.1 A Zen writer, Daisetz T. Suzuki, also
uses a similar metaphor in his late work. The “earth” may be stable,
fundamental, common, or whole, but it also contains things that have
life and history.2
1
“Alyosha stood gazing and suddenly, as if he had been cut down, threw himself
to the earth. He did not know why he was embracing it, he did not try to understand
why he longed so irresistibly to kiss it, to kiss all of it, but he was kissing it, weeping,
sobbing, and watering it with his tears, and he vowed ecstatically to love it, to love it
unto ages of ages. [...] He fell to the earth a weak youth and rose up a fighter, steadfast
for the rest of his life, and he knew it and felt it suddenly, in that very moment of
his ecstasy.” — The Brothers Karamazov translated by Richard Pevear and Larissa
Volokhonsky.
2
Martin Heidegger uses the word in a different way in “The Origin of the Work of
Art.” There, a phenomenological concept “earth (erde),” together with “world (welt),”
is used to disclose the ontological truth of art from e.g. Vincent van Gogh’s A Pair of
Shoes. The “earth” is “an inherently dynamic dimension of intelligibility that simul-
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Land also has numerous meanings for us in real life. Humans created

society on land, and various cultures, religions, and languages flourished
there. They consume the food produced on the land to survive. Economic
and political systems, and even humans themselves, have also evolved
on land. The thesis studies various roles of land on the life of humans
and the evolution of society.
The first essay, titled Land Ownership and Development: Evidence from Postwar Japan, examines the role of land ownership on
technology adoption and economic growth. It has two parts: the first
part is an empirical micro study of land ownership on the adoption of
new technologies, and the second part is a quantitative macro study of
labor reallocation on economic growth.
Secure property rights have been regarded as an important precondition for economic development. Recent empirical literature also shows
that it affects various outcomes. For example, several researches find
that property rights increase agricultural investment, which is consistent with the observation made by 18th century writers such as Adam
Smith and Arthur Young.
In addition to property rights, the older literature also argues that
the diffusion of advanced technologies in agriculture is associated with
economic development.3 Indeed, it is often reported that the adoption
rates of advanced technologies are low in many developing countries.
Recent empirical studies have uncovered various barriers to technology
adoption in agriculture. The first part of this essay essentially adds new
causal evidence to these strands of literature that land ownership increases the adoption of new agricultural technologies.
A natural experiment which occurred in Japan after World War II
taneously offers itself to and resits being fully brought into the light of our “worlds”
of meaning and permanently stabilized therein, despite our best efforts (Stanford
Encyclopedia of Philosophy).” Moreover, Heidegger’s “earth” is not historical, while
“world” is. Finally, none of these concepts are metaphorical.
3
According to W. W. Rostow (1959), a technological revolution in agriculture
was one of the fundamental conditions for sustained industrialization of the British
economy.
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(1947-50) transferred land ownership from landlords to tenants who had
cultivated land. It was one of the historically large redistribution policies, and about 6 million farm households were affected. Obtaining land
ownership meant that farmers received the exclusive rights to manage
their farmlands. This essay examines the likelihood of these land-owning
cultivators adopting new agricultural machines which became available
after the land reform and which dramatically changed the mode of agricultural production.
To proceed to the empirical analysis, I first construct a unique dataset
of municipalities from historical documents and censuses. The data of
the land reform, which I have found in a library at University of Tokyo,
contain detailed information about land transactions which occurred
during the reform in almost all municipalities. Since other data have not
been available in digital format either, I have explored and photocopied
the data in libraries and ministries in Tokyo, and have assembled all
photocopied data in digital format. This allows me to rigorously analyze
the impact of land ownership on technology adoption.
I find that the municipalities which had many owner farmers after the
land reform tended to experience a quick entry of new agricultural machines as compared to the municipalities where more farmers remained
as tenants. Moreover, since the new technology had a labor-saving effect,
the adoption of these machines reduced the dependence on family labor
in agriculture. This led to a reallocation of labor from agriculture to
industries and service sectors in urban centers when these sectors were
growing. These migrants were young, and were second or younger sons,
and daughters, who had just graduated from junior high or high schools.
The second part of the essay shows that the land ownership reform
affects economic growth through the reallocation of labor. Based on the
above findings, I first extend a property-rights model à la Besley (1995)
to include the capital-labor substitution effect in the farmer’s production
function.4 I then simulate the model using data at the municipality level
4

Traditional models of property rights do not contain that effect. Therefore, the
models may predict that secure property rights would make more workers stay in
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which are used in the empirical part. I also run counterfactual simulations to make a comparison with the baseline results. Compared to the
counterfactual case which assumes that there was no land reform, I find
that the reform has a large positive effect on industrial development and
economic growth. The reform yielded many owner farmers who were motivated to adopt new technologies, which made it possible to reallocate
more workers to industries and service sectors in urban centers when
these sectors were growing. Finally, I also find a large and positive effect on agricultural productivity. To the author’s best knowledge, this
is also the first paper to analyze the effect of land ownership reforms on
structural transformation.
These findings may have implications for developing countries where
secure property rights have not yet been established. In these countries,
notably those in Sub-Saharan Africa, a large share of the population
is still employed in the agricultural sector, and mechanization in that
sector has not progressed far enough yet.
The second essay, titled Loyalty and Treason: Theory and Evidence from Japan’s Land Reform, examines how the change in
the social and economic structure of small communities affects electoral
outcomes in the presence of clientelism.
Patrons like politicians, village leaders, and landlords can use clientelistic networks to influence clients’ voting behavior. Such clientelistic
voting exists or has existed even in countries where the secret ballot has
already been introduced.5 Possible explanations for this could be that
the patrons can still access relatively accurate information about the
voting behavior of each individual using better monitoring devices, and
that they can instill personal obligations or exploit social pressure to
agriculture because there is an increase in the marginal product of labor. In contrast,
an extended model in this paper predicts that the property rights make farmers
adopt more machines, which would lead to a decrease in labor inputs if these inputs
are substitutes. The model also has urban sectors, and labor can be reallocated across
sectors and locations.
5
Examples are Argentina, Bulgaria, England, India, Italy, Mexico, the Philippines,
Senegal, Taiwan, Thailand, and the United States (Schaffer 2002, Stokes 2005).
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nudge voters. The question is, can any policy break up clientelistic ties
in such a case?
The empirical literature which examines the effect of policies on the
termination of clientelistic voting is still very limited. Exceptionally, a
closely related paper, Baland and Robinson (2008), finds that, due to the
introduction of the Australian ballot in 1958 in Chile, the right-wing bias
caused by pervasive patron-client relationships completely disappeared.
In contrast, this essay adds new causal evidence that the termination of
tenancy contracts, rather than the introduction of secret ballot, reduces
the clientelistic voting by former tenant farmers.
There existed a hierarchical structure in Japanese society after the
Meiji Restoration.6 The landlord-tenant relationship supported such a
hierarchy at the bottom, and politicians could take advantage of the local
hierarchy.7 The land reform after World War II, which is the same reform
as the one described above, basically dismantled such a relationship by
redistributing landlords’ power to tenants. The landlords’ power was
considerably weakened in the countryside due to the reform. The change
was reflected in the tenants’ voting behavior.8
In this essay, I find that the vote share of conservative parties decreased in the areas which were highly affected by the reform, and that
the effect was relatively persistent. In contrast, I find that the vote share
of the communist party increased, although that of the socialist party,
or the largest left-wing party at that time, did not change at all. The
6

The Ministry of Home Affairs and national politicians were at the top of the
hierarchy, and Prefectural Governors who were appointed by the Minister of Home
Affairs came in the next layer. Finally, municipalities were placed under prefectural
authoritarian power.
7
For example, the sociologist Tadashi Fukutake (1972) writes: “He [the average
farmer] simply voted for the candidate supported by the landlord with whom he had
the closest connections. As for the parliamentary politicians, they had no need to
make any direct appeal to the farmers as such; it was enough for their election if they
could mobilize the support of landlords (p. 190).”
8
“[Former tenant farmers] ceased to be mere voting machines manipulated by
the landlords, for tenancy relationships no longer gave the landlords the influence
wherewith to direct their tenants’ votes. [...] At least they no longer voted for any
man just because he was backed by their landlord; they needed to be persuaded that
there were advantages to be gained for their locality (Fukutake 1972, p. 191).”
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paper shows the supporting evidence that the effect was driven by the
fact that the tenant farmers who had obtained land exited from the
long-term tenancy contract and became independent landowners. These
results are consistent with the predictions of my model. Finally, I also
find the surprising result that there was a decrease, rather than an increase, in turnout in these areas after the reform.
The last essay, titled Geography and State Fragmentation, coauthored with Nils-Petter Lagerlöf, examines how geography affects the
location of borders between sovereign states in Europe and surrounding
areas from 1500 until today. This is motivated by an observation that
the richest places in this region also have the highest historical border
presence.
Many scholars have emphasized the benefits of state fragmentation for preindustrial economic and institutional development. Interstate
competition and the threat of emigration of talented individuals may
create incentives for ruling elites to build better institutions and encourage technological innovations. As pointed out in Jared M. Diamond’s
Guns, Germs, and Steel, Europe is highly fragmented as compared to
other regions, such as China. What causes Europe’s fragmentation? We
empirically examine the causes of state fragmentation for the first time.
We use various data sources to measure topographic features at the
grid-cell level. Moreover, we use historical digital maps of Europe and
surrounding areas to measure the existence of borders in each cell. We
find that borders tend to be located on mountains, by rivers, closer to
coasts, and in areas suitable for rainfed, but not irrigated, agriculture.
However, the fragmenting effects of suitability for rainfed agriculture are
reversed at the local level. We relate these findings in terms of agricultural suitability to Karl A. Wittfogel’s Oriental Despotism in which he
argues that large-scale irrigation projects tend to make societies more
despotic. Our findings suggest that empires emerge later, thus being
smaller and fewer, in regions that rely more on rainfed than irrigated
agriculture, essentially Western Europe. At the same time, when empires do emerge in regions suitable for rainfed agriculture, they tend to
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expand into those lands that are most suitable for such agriculture.
Moreover, we find that borders are less likely to survive over time
when they separate large states from small, but this size-difference effect
is mitigated by, e.g., rugged terrain. This relates to Nunn and Puga
(2012), who find that African countries in rugged terrain have better
resisted the negative influence of colonial powers. As far as we are aware,
we are the first to note a similar relationship in an Old World context.
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Chapter 2
Land Ownership and
Development: Evidence from
Postwar Japan†
It is not paying no rent that makes the peasant proprietor
industrious; it is that the land is his own.
- John Stuart Mill

2.1

Introduction

Recent scholars regard secure property rights as an important precondition for economic development (North 1981, De Soto 2000, Sokoloff and
Engerman 2000, Acemoglu et al. 2001, 2002, Besley and Persson 2011).
†
I thank Torsten Persson and Jakob Svensson for their continued guidance and support. I also thank Timo Boppart, Jonathan de Quidt, Masayuki Kudamatsu, Takashi
Kurosaki, Nils-Petter Lagerlöf, David Strömberg, Kensuke Teshima, and seminar and
conference participants at Hiroshima, Hitotsubashi, IFN, NYU Abu Dhabi, Osaka,
Otaru Commerce, SITE, Tokyo, Yale-NUS, the 4th Kyoto Summer Workshop on Applied Economics at Kyoto, the 2015 Oxford Development Economics Workshop at
Oxford, the 14th EUDN PhD Workshop at Paris-Dauphine, and the 11th Oslo-BINHH Workshop in Macroeconomics at BI for helpful comments and suggestions. I
thank Kazuo Kishimoto for providing me with the data. Financial support from Handelsbanken’s Research Foundations is gratefully acknowledged. Any remaining errors
are my own.
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LAND OWNERSHIP

There is a considerable amount of micro evidence that is supportive of
these arguments.1
Although the effect of property rights, especially that of security, has
been studied quite extensively, the effect of land ownership has received
much less attention. Property rights are the rights given to individuals or
entities, while land ownership emphasizes the distribution of such rights
(i.e., who owns land). The English writer and agriculturist Arthur Young
writes: “Give a man the secure possession of a bleak rock, and he will
turn it into a garden; give him a nine years’ lease of a garden, and
he will convert it into a desert” in Travels in France (1792). Quoting
Young several times in The Conditions of Ireland (December 17, 1846),
John Stuart Mill advocated the redistribution of ownership of unused
and uncultivated land from the Anglo-Irish landlords of large estates to
Irish peasants (Maurer 2012).2 Their original arguments might be more
about the distribution of property rights than the issuance of new rights.
This paper examines the economic effects of land ownership which was
redistributed from landlords to tenants, or cultivators of land.
It is also known that the extent to which society is willing to accept
advanced technologies such as agricultural machinery differs consider1
The property-right security increases agricultural investment (Besley 1995, Banerjee et al. 2002, Jakoby et al. 2002, Hornbeck 2010). Who enjoys the property rights
in society is of importance (Banerjee and Iyer 2005, Goldstein and Udry 2008). More
broadly, the property rights affect the access to credit (Besley et al. 2012), labor
supply and migration (Field 2007, de Janvry et al. 2015), poverty reduction (Besley
and Burgess 2000), formation of beliefs (Di Tella et al. 2007), and firms’ investment
(Johnson et al. 2002).
2
Similarly, according to the Repeal Dictionary, a dictionary of the Repeal Association which was published in 1845, “the contrary system - that of having as many
owners as possible among the occupiers of the soil in a country, has been found to
work far better, wherever there has been experience of it.” The dictionary lists Belgium, France, Norway, Prussia, and Switzerland as most successful examples. Ireland
also experienced the Land War in the late 19th century, which yielded a series of
Land Acts. These Acts made it easier for tenants to buy land. In case of the United
States: “Regardless of political leanings all intelligent and humane citizens unite in
wishing to see tenancy transformed into independence. [...] Greatly enlarged opportunity for hundreds of thousands of present dependent tenants to own their farms
is a move towards social justice and towards individual independence in the best
American tradition (cited in Liversage 1945).”
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ably between regions.3 Reflecting the fact that the adoption rates of the
advanced technologies are typically low in developing countries, recent
studies have uncovered barriers to technology adoption in agriculture.4
This paper provides new causal evidence to this strand of literature that
the ownership of land (or the means of production) by cultivators affects
the adoption of new agricultural technologies.
A natural experiment which occurred in Japan after World War II
transferred land ownership from landlords to tenants who had cultivated land. It was one of the historically large redistribution policies,
and nearly all farm households, or about 6 million farm households,
were affected. Obtaining land ownership meant that farmers received the
exclusive rights to manage their farmlands.5 This facilitated long-term
investments such as machines and land improvement by those farmers
who used to prefer fast-acting short-term investments such as fertilizers and improved seeds.6 This paper examines the likelihood of these
land-owning cultivators adopting new agricultural machines which became available after the land reform and which dramatically changed
the mode of agricultural production.
To proceed to the empirical analysis, I first construct a unique dataset
of municipalities from historical documents and censuses. The data on
the land reform contain detailed information about land transactions
which occurred during the reform in almost all municipalities.7 Since
3

For example, farmers in East Asia have adopted tillers and tractors rapidly since
the 1960s and 1970s, while those in Sub-Saharan Africa still mostly rely on human
powers (FAO 2003, Pingali 2007).
4
Such barriers include profitability (Griliches 1957), imperfect information and
learning (Foster and Rozenzweig 1995, Conley and Udry 2010, Hanna et al. 2014),
high transaction costs (Suri 2011), time inconsistency (Duflo et al. 2011), and product
quality (Bold et al. 2015). See Foster and Rosenzweig (2010) for an excellent review
of recent literature.
5
The ownership was also “secure” given that private property rights were already
introduced in the late 19th century, and a land law, which was enacted after the
reform, prevented the re-accumulation of land by landlords.
6
A recent observational study in the Argentine Pampas also finds that land owners
focus on long-term agribusiness goals, while tenants focus on short-term gains (Arora
et al 2015).
7
The number of municipalities was above ten thousand at that time. I digitized
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other data have not been available in digital format either, I have explored and photocopied the data in libraries and ministries in Tokyo,
and have assembled all photocopied data in digital format.8 This makes
it possible to rigorously analyze the impact of land ownership on technology adoption.
In the empirical analysis, I compare municipalities with a high share
of post-reform owner farmers to those with a low share of them (or those
with a high share of post-reform tenant farmers), and examine whether
the former municipalities react differently vis-á-vis the latter when agricultural machines become available and urban sectors are growing. The
estimation method exploits the fact that post-reform distribution has
been determined by the upper limits set by the central bureaucracy prior
to the land reform.9 Using this plausibly exogenous variation makes the
causal analysis of land ownership possible.
I find that the municipalities which had many owner farmers after the
land reform tended to experience a quick entry of new agricultural machines as compared to the municipalities where more farmers remained
tenants. Moreover, since the new technology had a labor-saving effect,
the adoption of these machines reduced the dependence on family labor
in agriculture. This led to a reallocation of labor from agriculture to
industries and service sectors in urban centers when these sectors were
growing. These migrants were young, and were second or younger sons,
and daughters, who had just graduated from junior high or high schools.
As a robustness check, I also compare two adjacent municipalities
along both sides of the prefectural boundary. These two municipalities
and manually entered the data myself. The data on Wakayama were missing. Okinawa
was not Japanese territory at that time.
8
To digitize agricultural censuses, I have set up an “online RA team” through a
Japanese online outsourcing company, and have remotely managed all data entry and
checking processes. To the best of my knowledge, this is the first paper to evaluate
one of the historically large land redistribution policies at such high spatial resolution.
9
The upper limits specified the total area of tenanted land that each landlord in
a particular area could keep. Thus, it affected how many tenant farmers that would
become owner farmers during the reform. Such a systematic implementation is a
unique aspect of the Japanese land reform.

2.1. INTRODUCTION

13

were very similar until they received a different “shock” during the reform. One of them obtained more owner farmers relative to its counterpart because the prefectures to which these municipality belonged
had received different shocks. I examine how these initially identical
municipalities, which had become different from each other due to the
reform, responded differently when agricultural machines became available. These two estimation methods yield similar results.
The causal evidence of agricultural mechanization is very limited in
the literature. An exception is Hornbeck and Naidu (2013), who find
that, due to the outmigration of the black population caused by the
flood in the American South, farm owners in the flooded area increased
the capital intensity in agriculture over time.10 In contrast to their study,
this study compares the likelihood of owner farmers adopting agricultural machines to that of tenant farmers.
Land ownership may increase agricultural investment and hence,
agricultural productivity (Banerjee et al. 2002, Banerjee and Iyer 2005,
Goldstein and Udry 2008).11 For example, Banerjee, Gertler, and Ghatak
(2002) find that improving the security of tenure of sharecroppers and
regulating land rents have a positive effect on agricultural productivity.
The impact of the land ownership reform on agricultural productivity in
Japan seems to appear when advanced agricultural technologies diffused
across the country.12
10

In the Japanese case, labor was not enforced to outmigrate due to a natural
disaster, nor was it the plantation owner’s decision to compensate for the lack of
workers with relatively cheaper capital.
11
Yet the effects of land tenure on investment are quite mixed. See Fenske (2011)
and Brasselle et al. (2002) for excellent surveys and discussions. The macro-economic
literature on agricultural productivity includes Hayami and Ruttan (1970a), Restuccia
et al. (2008), Adamopoulos and Restuccia (2014), and Gollin et al. (2014).
12
Previous studies of the Japanese land reform examine the short-run effect by
focusing on the 1940s and the 1950s, and find either a zero or a negative effect on
agricultural productivity (Kawagoe 1995, Ramseyer 2015). In contrast, this paper
studies the mid- to long-run effect by focusing on periods when agricultural machines
become available (late 1950s-70s). Moreover, these previous studies either use prefectural data, or conduct descriptive analyses, while this study uses municipal data
to estimate a causal effect, which substantially increases the sample size. Finally,
none of these previous studies examines the impact on technology adoption or labor
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Figure 2.1 plots agricultural productivity which is defined as real

agricultural GDP divided by agricultural employment. The solid line
indicates average agricultural productivity for prefectures with a higher
share of owner farmers after the reform with respect to the median
value, while the dashed line is average agricultural productivity for the
prefectures which have a lower share of them (or a higher share of tenant
farmers).13 Two lines seem to have diverged since around 1960, and
the difference has become more salient since around 1965. Later, I will
show that the pattern clearly corresponds to that of technology diffusion.
Although available technologies for farmers at the time of the study are
often taken as given in empirical studies of property rights, this suggests
that availability of advanced technologies might be a crucial factor which
should not be overlooked.
The diffusion of advanced technologies in agriculture, and hence the
increase in agricultural productivity, may also be associated with industrialization and structural transformation. According to W. W. Rostow
(1959), a technological revolution in agriculture was one of the fundamental conditions for sustained industrialization of the British economy.
Gollin et al. (2002) also show the importance of high agricultural productivity for industrialization in the United Kingdom.14 Despite these
arguments, how the land ownership/secure property rights and technological advancement in agriculture are related to the development of
urban sectors is still not fully understood.
The second part of the paper focuses on the impact of land ownership
and technology adoption on labor reallocation and structural transformation in which I quantify the aggregate impact of the land ownership
reallocation.
13
I use data at the prefecture level because gross output is available only at that
level. I interpolate agricultural employment for some years because the data are only
available for every five years.
14
In contrast to the literature on property rights, micro empirical evidence on relationships between technological advancement in agriculture and industrialization
is very scarce. Bustos et al. (2016) is one of the few micro empirical studies in this
direction.
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reform on the entire economy.15 Recall that Korea and Taiwan experienced land reforms after World War II. The mechanization of agriculture progressed rapidly when the economies grew and the agricultural
employment share declined. Figures 2.2 and A.1 show that the capitalization of agriculture progressed when the structural transformation
occurred in these economies as well as in Japan. These historical facts
already suggest that the land reforms may be a key factor for sustained
growth of these economies after World War II.
I first extend a property-rights model à la Besley (1995) to include the
capital-labor substitution effect in the farmer’s production function. Traditional models of property rights do not contain that effect.16 Therefore,
the models may predict that property rights would make more workers
stay in agriculture because there is an increase in the marginal product
of labor.17 In contrast, an extended model in this paper predicts that
the property rights make farmers adopt more machines, which would
lead to a decrease in labor if these inputs are substitutes. The model
also has urban sectors, and labor can be reallocated across sectors and
locations.18
Next, I simulate the model using data at the municipality level, which
15
The literature on the structural transformation is quite vast. Herrendorf et al.
(2014) provide an excellent review. Related papers in theoretical macro literature
are Rogerson (1987), Matsuyama (1992), Caselli and Coleman (2001), Kongsamut et
al. (2001), Gollin et al. (2002), Ngai and Pissarides (2007), Acemoglu and Guerrieri (2008), Hansen and Prescott (2008), Hayashi and Prescott (2008), and Boppart
(2014). Other related literature is misallocation (Hsieh and Klenow 2009), rural-urban
migration (Lewis 1954, Harris and Todaro 1970, Foster and Rosenzweig 2008, Young
2013, Munshi and Rosenzweig 2016), and urbanization (Michaels et al. 2012, Desmet
and Rossi-Hansberg 2014).
16
See Besley and Ghatak (2010).
17
See the discussion in de Janvry et al. (2015). A similar result can be obtained in
the case of increasing Hicks-neutral agricultural productivity as in Matsuyama (1992).
Labor will be pulled back to agriculture when the economy is open.
18
The details of the model and the formal statement of prediction are found in
Section 2.7. Note that the mechanism in this paper is very different from that of de
Janvry et al. (2015), who find that alleviating a land use constraint through the issuance of certificates of property in Mexico has an effect on labor and land allocations.
Labor reallocation in Japan was not caused by alleviating the land-use constraint but,
if anything, by reducing a technology adoption barrier.
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are used in the first part of the paper. I run counterfactual simulations
to make a comparison with the baseline results. Compared to the counterfactual case which assumes that there was no land reform, I find that
the land reform has a large positive effect on industrial development
and economic growth. The reform yielded many owner farmers who were
motivated to adopt labor-saving agricultural technologies. This made it
possible to reallocate more workers to industries and service sectors in
urban centers when these sectors were growing. The labor reallocation
greatly increased the GDP growth rate during the transition period due
to a great expansion of the urban sectors. Simulation results show that
the land reform increased GDP by about 12 percent of the GDP in 1974
during 1955-74. This finding indicates that Japan would have been less
prosperous if there had been no land reform.
Empirical studies of structural transformation are very scarce. An
exception is Bustos, Caprettini, and Ponticelli (2016), who find that the
labor-saving technological change in soy production in Brazil increases
local industrial employment.19 In their empirical study, the adoption
of agricultural technologies is affected by the potential profitability of
adopting them. In contrast, this paper examines the impact of a land
ownership reform on structural transformation.20 To the author’s best
knowledge, this is also the first paper to analyze such an impact of land
ownership reforms. This may have implications for developing countries
where secure property rights have not yet been established.
The idea that machines replace workers is not new, and may at least
19

They also examine the effect on outmigration, and find a positive effect.
Moreover, I focus on agricultural machines rather than improved seeds (GM
soy/second-harvest maize). The former type of technological change is called the
M-process, while the latter type of technological change is called the BC-process, and
the distinction is very stark in agriculture (Hayami and Ruttan 1971). For example,
Hayami and Ruttan (1970b) show that the BC-process was followed by the M-process
in Japan, while the opposite occurred in the United States. They argue that relative
endowments and accumulation of land and labor induced the different patterns of
technological change. The diffusion of improved seeds already occurred in the late
19th century in Japan (Hayami and Yamada 1968). Another difference is that, while
they focus on the shift in employment, I show that the labor reallocation increases
GDP using a growth model, which constitutes the second part of the paper.
20
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date back to Swing Riots (for agricultural sectors) and Luddite (for nonagricultural sectors). The stories are echoed in a recent literature about
automation in production (Zeira 1988, Sachs and Kotlikoff 2012, Hémous
and Olsen 2014, Graetz and Michaels 2015). In contrast to previous
studies which focus on manufacturing and service sectors, this paper
focuses on mechanization in agriculture. For example, Jones (2015) hints
that agricultural mechanization is an underlying factor behind structural
transformation in the United States:
One useful reference point is the enormous transformation
that occurred as the agricultural share of the U.S. labor force
went from 2/3 to only 2 percent, largely because of mechanization and technological change. There is no doubt that
this had a transformative [effect] on the labor market, but by
and large this transformation was overwhelmingly beneficial
(p. 27).
I show that the adoption of machines in agriculture does affect labor
reallocation and structural transformation.
It may not be difficult to find similar patterns in other countries. According to Binswanger (1986), the United States after 1940 and Europe
after 1955 followed a similar pattern to that of Japan, where the use
of tractors, combines, and other machines increased at unprecedented
rates, and labor was reallocated to non-agricultural sectors. As discussed
above, Korea and Taiwan may also have experienced a similar pattern
to that of Japan.
The rest of the paper is organized as follows. In the next section,
the historical background is briefly explained. This consists of the land
reform in the late 1940s, the diffusion of new agricultural technologies
in the 1950s, and mass migration of young cohorts and structural transformation in the late 1950s and 1960s. Section 2.3 describes the data
that will be used for the empirical analysis. In Section 2.4, the main empirical strategy is described. The main identification strategy employs
a difference-in-differences estimation method. As a robustness check, I
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also compare two adjacent municipalities along both sides of the prefectural boundary. The results are shown in Section 2.5, and the underlying
mechanisms are discussed in Section 2.6. In Section 2.7, I build a simple growth model which reflects the empirical findings to quantify the
aggregate impact of the land reform. Finally, Section 2.8 concludes. Implications for other countries are also discussed in the same section.

2.2
2.2.1

Historical background
Land reform

A historically large-scale land reform occurred between 1947 and 1950
in Japan. The reform was enforced by the occupation forces, and would
otherwise have been impossible to implement at that time (Dore 1959).
Farmlands were redistributed from landlords to tenants. Tenants therefore suddenly became owners of the land that they had cultivated. This
involved a change in the property rights of nearly all farm households,
or about 6 million households, and about 2 million hectare of farmlands
were redistributed.21 There was a dramatic decrease in the share of tenanted land from 45.9 percent to 9.9 percent during the reform (MAF
1956). In contrast, there was a great decrease in the share of owner
farmers’ land.
Figure 2.3 shows the distributional shift in the owner share by municipality. The white bars show the distribution before the reform, while
the shaded bars display the distribution after the reform. Before the
reform, the mean and the standard deviation of the distribution were
0.57 and 0.15, respectively. The reform yielded more owner farmers all
over Japan, and these values became 0.89 and 0.06, respectively. This
dramatic change occurred within a few years.
The reform also yielded a new spatial distribution of owner farmers. Figure 2.4 shows the spatial distribution of the owner share across
municipalities before the reform. Most of the municipalities have orange
21

There were about 6 million hectare of cultivated areas in 1947 (Kayou 1977).
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or red colors, reflecting the distribution in the previous figure. After
the reform, the owner share increased all over the country, and a new
cross-sectional variation emerged (Figure 2.5). The correlation between
pre- and post-reform distribution is only 24 %. In other words, the postreform distribution is quite different from the pre-reform distribution.
The emergence of such post-reform variation was due to the upper limits
set by the Ministry of Agriculture and Forestry.22
Farmlands were purchased on behalf of prefectural governors. Prices
were determined by multiplying fixed rental prices in 1945 by one of the
multipliers depending on the type of farmland.23 In addition, there was
a compensation of about 220 yen per tan of paddy fields (ta) (130 yen
for dry fields (hatake)) for about 3 cho (12 cho in Hokkaido) of purchase
at the maximum.24
On average, the government paid about 980 yen per tan to a landlord
for paddy fields, and paid about 580 yen per tan for dry fields.25 For
example, if a landlord had to sell 3 cho of his/her tenanted land, the
compensation was less than 30,000 yen, which was, on average, less than
a third of an annual salary in 1950.26 Landlords were paid either in cash
or in government bonds redeemable within thirty years at the annual
interest of 3.6 percent.
Tenants paid the same price as the landlords’ selling price to buy
the farmland from the government, and it was paid either in cash or
spread over thirty years at the annual interest of 3.2 percent. Given the
22

The details will be explained below.
The multiplier was 40 for paddy fields and 48 for dry fields. Since the rental prices
were somewhat less than 20 yen for paddy fields and 10 yen for dry fields on average,
the price per tan was approximately 760 yen for paddy fields and 450 yen for dry
fields.
24
One tan is approximately ten are. One cho is approximately one hectare, or ten
tan.
25
In 1941, tenanted land amounted to about 2.8 million cho, and about one half
was rented by large landlords who had 5 cho or more of the tenanted land. Most of
them were non-cultivators (Isozumi 1985).
26
The annual salary of a worker in a firm with 30 or more employees was about
100,000 yen in 1950. The value was taken from the National Tax Agency’s Statistical
Survey (Minkan Kyuuyo Jittai Toukei).
23
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postwar inflation until the end of 1940s and the fixed land price, the
land became cheaper and cheaper over time.27 Therefore, most tenants
could complete their payments within a year or two of purchase (Dore
1959).28
To complete the reform, the Agricultural Land Act (Nouchi Hou) was
enacted in 1952, which perpetuated the land allocation by regulating the
transaction of land.29 The Act prevented the re-accumulation of the land
by landlords.30

2.2.2

Diffusion of agricultural machines

The mechanization of agriculture in Japan was started by small and
handy machines like power tillers, and was enhanced by large and powerful machines like tractors.31 Thus, there seems to be a path depen27
For example, the value of goods equivalent to 30,000 yen in 1947 would be about
52,000 in 1948 (at the inflation rate of 73.2 percent), and finally about 65,000 in
1949 (25.3 percent). The price data are taken from Statistics Japan’s Annual Report
(Syouhisya Bukka Sisuu Nenpou). Note that the CPI is based on the prices in Tokyo,
excluding imputed rents, and the average price between 1934-36 is set as the baseline.
28
The fixed price is one of the major reasons why the Japanese land reform was
“successful.” This is in contrast to the Korean land reform, for example. Since land
prices were expressed in terms of the value of crops, the value of the land went up
when the price of the crops increased due to inflation. Therefore, ex-tenants who
bought farmlands under the program suffered from a heavy burden of payment (Kajii
1998).
29
According to Dore (1958), the reason for enacting such a law was the following:
“Many Western observers during the Occupation, suspicious of the apparent smoothness with which the reform was carried out, predicted that as soon as the Occupation
troops were gone, ’the landlords would soon be back.’ They have been proved wrong.
The only post-Occupation legislation bearing on the land system has been the Agricultural Land Law of 1952 [...] which had the express purpose of freezing the Japanese
system of land tenure in the state in which it emerged from the land reform (p. 185).”
30
The enactment of such a law could be another reason for the successful land
reform, although regulating land transaction may have had a negative effect on the
competitiveness of Japanese agriculture in the long run by making the accumulation
of farmlands difficult. I examine such a possibility in another project.
31
The power tiller has several other names: rototiller, rotary tiller, hand tractor,
walking tiller, garden tiller, etc. The paper uses the term “power tiller” to refer to
two-wheel tractors and the term “tractor” to refer to four-wheel tractors. In Japan,
a torakutaa usually refers to a four-wheel tractor, while a kouun-ki refers to a twowheel tractor. Two-wheel tractors are very common in Asia, except for India, where
four-wheel tractors are more common (FAO 2013).
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dency in the process of technology advancement in agriculture. Such a
transition pattern may be due to the availability of affordable machines,
farmers’ willingness to invest in more expensive technologies, and the
change in land and labor supply. This paper focuses on tilling machines,
notably power tillers, because these small machines have initiated agricultural mechanization in Japan. In addition, land preparation has been
a most labor-intensive task before the introduction of power tillers.
The introduction of the tillers constituted a turning point for modernizing Japanese agriculture (Hayami and Kawagoe 1989, Yanmar 2013).
The machines were introduced in the 1950s and have been diffused astonishingly quickly since then. It only took about ten years to reach 2
million machines.32 Figure 2.6 shows that the rapid diffusion of tilling
machines has occurred since around 1960. A power tiller is not only used
for tilling the soil, but also for transporting people and goods, and for
threshing crops. Such multifunctionality and handiness may also be part
of the reason for the quick diffusion of the tillers.
Clayton Merry invented power tillers called “Merry Tiller” in 1947,
and he and his brother-in-law started commercializing them in Edmonds,
WA. The machines were imported to Japan in 1952, and a Japanese agricultural machine maker Saiousha, which made an agreement of technical
cooperation with the company, started to sell them a year after.33 The
original power tillers had a 2 to 3 hp air-cooled high-speed engine with
a simple structure, and were much lighter and cheaper than similar machines that Japanese makers had developed (Hokimoto 1999). The price
of these power tillers were about one half of that of earlier existing similar machines (Kako 1987).34
However, the original machines had major defects such as insufficient
32

This is in contrast to tractors in the United States. It took about thirty-five years
to reach the same number (Olmstead and Rhode 2001).
33
The machines were called “Merry Tailor” by the Japanese.
34
In 1957, Kubota’s 5-7 hp power tiller cost 113,700 yen and its 7-10 hp power tiller
cost 205,700 yen, when a male agricultural worker’s daily wage was 327 yen (Kayou
1977). Thus, one machine cost about a 1-2 year daily wage of a male agricultural
worker depending on the engine size of the machine.
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land cultivation depth, complicated operating procedures, and small engine sizes. The introduction of low-cost power tillers, as well as the enactment of the Agricultural Mechanization Promotion Act, spurted the
technological innovation race among Japanese makers.35 The adaptive
research and development made the machines more efficient, powerful,
and suitable for land conditions in Japan.
Before the introduction of power tillers, most farmers had largely
tilled the soil by hand or using animals. Figure 2.7 shows pictures taken
in 1956 near Hirosaki-shi in Aomori. The picture at the top shows farmers using traditional farm equipment called Sanbon-guwa to till the soil.
In contrast, the picture at the bottom shows a farmer using a power
tiller. The machines effectively reduced human labor which had previously been used in agricultural production. Hayami and Kawagoe (1989)
write:
Previously, farm operations in Japan had been largely based
on manual labor. Especially, land preparation for rice cultivation had been a very arduous task requiring labor of young
male workers. With the introduction of power tillers it became possible for female or old-aged workers alone to keep
on farming; this enabled young to middle-aged males in farm
households to engage mainly in non-farm economic activities
(p. 227).
For example, Ishiwatari (1965) found that a farmer owning 3 hectare
of farmland in the Shounai Region in Yamagata, who initially had four
standing workers, reduced the number of the workers by two due to the
adoption of power tillers.
The rapid diffusion of power tillers was initiated by motivated farmers who obtained land during the land reform (Yanmar 2013). Initially,
tenant farmers before the reform preferred relatively cheap and fastacting short-term investments such as fertilizers and improved seeds
35

Not only agricultural machine makers such as Kubota, Fujii, Takeshita, and Iseki,
but also engine makers such as Mitsubishi, Kawasaki, and Honda started to produce
their own power tillers (Hokimoto 1999).
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(Kawano 1963, NKNC 1964).36 After the land reform, they started to
make long-term investments such as machines and land improvement
(NKNC 1964). At the same time, effective and cheap agricultural machines became available to these farmers. The mechanization finally
started on a full scale in the late 1950s.

2.2.3

Migration and structural transformation

Structural transformation occurred when the economy experienced a
rapid growth from the late 1950s until the early 1970s (Koudo Keizai
Seichou).37 The employment share of agriculture decreased from 39.7
percent to 15.3 percent during 1955-73, while that of industries (service
sectors) increased from 23.7 percent to 34.2 percent (26.5 percent to 33.2
percent) during the same period.38
The decline in agricultural employment was notably due to the outmigration of young people (Namiki 1957). During the rapid growth period, there was a mass migration of young cohorts from rural to urban
areas.39 In particular, three metropolitan areas (Tokyo, Nagoya, and
Osaka) received a large net immigration. In 1962, for example, about
25 percent (166,000) of those who had just graduated from junior-high
schools, and about 20 percent (122,000) of those who had just gradu36

This might be partly due to unstable tenancy contracts: the duration of the
contract was often not in writing, and there was no formal agreement about the
compensation for a tenant’s investment (Kawano 1963). Until around the end of World
War I, agricultural investment was mostly initiated by landlords who were cultivators
themselves. They were often leaders of a village, and had a social responsibility to
improve their community. However, the landlords’ roles in investing in agriculture
gradually disappeared, and they tended to become “parasitic” to land rents that
their tenants paid (Toubata 1936). One possible reason for the change could be that
it became less profitable for them to invest in agriculture because other investment
opportunities outside of agriculture emerged (Ohuchi 1975).
37
The annual growth rate was above 9 percent on average, and real GDP increased
from 47 trillion to 230 trillion between 1955 and 1973.
38
Not only the share, but also actual agricultural employment declined.
39
The phenomenon is called Syuudan Syuusyoku (Mass Employment). There were
famous special trains and boats which sent a large numbers of young people from the
countryside to distant big cities. For example, Figure 2.8 shows young people who
arrived from Aomori greeting their new employer.
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ated from high schools, in the countryside got jobs in these areas (MHLW
2005). These young and low-cost workers were often called “golden eggs,”
who gained skills in companies and contributed to the growth of the
economy.
The period of a quick diffusion of power tillers and that of a rapid
decline in the share of agricultural employment clearly correspond to
each other. The diffusion of agricultural machinery was a crucial factor
which made such a decline possible (Minakawa 1967, Hayami and Kawagoe 1989). In the following sections, I examine the likelihood of owner
farmers adopting agricultural machines as compared to tenant farmers.
Moreover, I also examine its effect on labor reallocation and structural
transformation.

2.3

Data and descriptive analysis

This section describes the data used in the empirical analysis. The paper mainly uses a historical municipal panel dataset between 1950 and
1965.40 Prefectural data are also used in some analyses. This section
focuses on describing the source and construction procedure of the municipal dataset. The source of the prefectural data is described in the
Appendix.

2.3.1

Data

The historical analysis of the entire Japanese economy often uses data
either at the national level or at the prefectural level.41 Difficulties to
obtain finer data may be part of the reason.42 I have searched and collected such finer data in libraries and ministries in Tokyo with the aid
40

Note that a prefecture contains municipalities, and that both are a political division. In 1965, for example, there were 46 prefectures and 3,466 municipalities (including special districts).
41
Even with prefectural data, it is relatively difficult to conduct a rigorous analysis
because there are only 47 prefectures. The number was 46 when Okinawa was the
territory of the United States during 1945-72.
42
Many official statistics are archived at an aggregated level. Even if disaggregated
data may exist, they are less likely to be digitized.
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of historical documents and own intuition. The data have been entered
into digital format either by the author or by research assistants.
This paper uses data from 1930 to 1965, although the analysis focuses on the period between 1950 and 1965, i.e. the period in which
agricultural mechanization has progressed in Japan.43 To merge the data
year-by-year to construct a panel dataset, I have had to deal with the
issue of municipality mergers.44 GIS techniques have been used to match
municipalities over time.45
First of all, I have chosen the 1965 municipality, or the most aggregated unit in the data, as the unit of observation. Municipalities in
earlier years have then been matched with the 1965 municipalities. For
this purpose, I have first prepared polygon data of the municipalities for
each year. The polygon data have been projected onto a two-dimensional
space using the Sinusoidal projection. Next, the land area has been calculated for every municipal polygon, and the value has been assigned
to each point which has been converted from the municipality polygon.
The point data have been spatially matched with the 1965 municipality polygons. I have aggregated the point data at the 1965 municipality
level, and have compared that value with the actual one. The observations within five square kilometer differences have been used to minimize
the measurement errors.46 In total, the 2,626 municipalities have been
successfully matched, or about 76 percent of all municipalities in 1965.
The source of the data is described below.
43
The main reason is that the data on tillers are available since 1950. This is also the
period in which scale economies had not started functioning in Japanese agriculture.
The scale economies seem to have appeared since the late 1960s (Hayami and Kawagoe
1989). The choice of the period may simplify the analysis because the scale economies
often involve the increase in land sizes.
44
The major decline occurred between 1953 and 1955 after the enactment of the
Act for the Promotion of Merger of Towns and Villages (Chouson Gappei Sokushin
Hou) in 1953. The total number of municipalities declined from 10,560 in 1950 to
4,901 in 1955, to 3,598 in 1960, and to 3,466 in 1965. Municipality mergers may be
another reason why disaggregated data have rarely been used by researchers.
45
I have used ArcGIS for all GIS related tasks.
46
I found that some municipalities were incorrectly matched by setting larger criteria.
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Land reform data
The data of the land reform, which I have found in a library at University
of Tokyo, contain information such as the number of farm households
that have bought the land, the number of landlords that have sold the
land, the total area of purchased and sold land, etc. for every municipality, except for those in Wakayama and Okinawa.47 I have taken pictures
and manually entered them myself.
Agricultural and demographic data
Data on agricultural technologies, draft animals, and the number of farm
households have been taken from the agricultural census of 1950, 1955,
1960, and 1965.48 Since the agricultural censuses have not been digitized, I have first photocopied them in libraries in Tokyo. To enter the
photocopied data into digital format, I have set up an “online RA” team
through an online outsourcing company, and have remotely managed all
digitization and data checking processes.
Since the 1955 agricultural census has been recorded at the 1957
municipality level, I have only used municipalities that have been intact,
i.e. those that have not experienced any municipality merger during
1955-57, for the data of that year. This has reduced the sample size of
that year as compared to the sample size of the other years. Finally,
data on the education and the migration of farm household members
have been taken from the 1960 agricultural census.
Data on population and agricultural employment have been taken
from the national census of 1930, 1950, 1960, and 1965.49 Since the 1955
values have not existed, I have interpolated the values for that year.
47
The data for Wakayama are missing. Okinawa was under the control of the United
States until 1972.
48
The first agricultural census was started in 1950 after World War II, and they
have been conducted every five years since then.
49
The census data have recently been digitized by a team at Tsukuba University
(Yamamoto and Kishimoto 2006, Takita et al. 2012, Satou and Kishimoto 2014).
Although a more appropriate data point may be 1940, rather than 1930, the census
of 1940 does contain enough information such as age distribution in municipalities.
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Since the names of the municipalities have sometimes been written
using old Japanese characters (Kyuujitai), I have made a computer algorithm to convert them into new characters (Shinjitai). To calculate land
sizes, I have used total farmland areas in 1945, and have divided them
by agricultural employment in 1950, because I have found no data on
the agricultural employment for that year.
Geography data
Terrain data have been taken from the National Aeronautics and Space
Administration’s (NASA) Shuttle Radar Topography Mission (SRTM3).
The SRTM3 is high resolution raster data of 3 arc-seconds, or about 90
meters. Mean slope and mean elevation have been calculated from the
data using GIS software.
Data on administrative boundaries, coastal lines, and the location of
train stations have been taken from the Ministry of Land, Infrastructure,
Transport and Tourism’s (MLIT) National Land Numerical Information.
I have used the location of the train stations that existed in 1965 because
the unit of analysis is the 1965 municipality. I have used the location
of prefectural governments for the location of three metropolitan areas
(Tokyo, Osaka, and Nagoya).
Agricultural suitability data have been taken from the Food and
Agriculture Organization’s (FAO) Global Agro-Ecological Zones (GAEZ)
data. I have used the crop suitability index for rain-fed cereals, and have
taken the first-difference between the high-input and low-input level.50
The high-input level assumes that the production is fully mechanized
and improved varieties are used, while the low-input level assumes the
subsistence-based farming system with labor-intensive production. Since
the cell size of the original data (0.5-degree by 0.5-degree) has been too
big for some small municipalities, I have resized each side of these cells
50

Cereals include wheat, wetland rice, dryland rice, maize, barley, sorghum, rye,
pearl millet, foxtail millet, oat and buckwheat. Although it might have been more
appropriate to use irrigated than rain-fed, such data have not been available for
cereals. The reason for using cereals rather than any specific crop is that power tillers
can be used for any type of these crops.
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into 0.005 degrees, or about 500 meters, before calculating values for
each municipality.

2.3.2

Descriptive analysis

Summary statistics are shown in Table 2.1. It shows that the adoption
of tilling machines had not “taken-off” by 1955. A similar tendency also
appears in the following regression analyses. The owner share dramatically increased from 57 percent to 89 percent within a few years due
to the land reform.51 The population share aged 15-19 was about 10
percent in all years.
The top panel of Figure 2.9 shows the kernel density of the number
of power tillers per farm household in 1950, 1960, and 1965. Horizontal lines indicate mean values. In the figures, municipalities are divided
into quintiles based on the post-reform owner share. The municipalities in the fifth quintile are regarded as a treated group, while those in
the first quintile are regarded as a control group. Although two groups
have a very similar distribution in 1950, the treated municipalities have
relatively more power tillers per farm household than the control municipalities in 1960 and in 1965. The bottom panel of Figure 2.9 shows
the kernel density of the population share aged 15-19. It is clear that the
treated municipalities have fewer young people in the population than
the control municipalities in those years, although the distributions in
1950 are very similar.
Next, the change in power tillers per farm household and the change
in the population share aged 15-19 are plotted in Figure 2.10, where
I take the first-difference of each of these variables between particular
years for the y-axis, and use the post-reform owner share for the x-axis,
while controlling for e.g. prefecture fixed effects and municipal average
land sizes.52 These figures clearly show that the slope appears for the
1950-60 difference and for the 1950-65 difference, for both variables - a
51

All farmers are categorized either as owner farmers or tenant farmers.
An exception is the leftmost figure in the second row of Figure 2.10 in which I
use the 1950 sample due to the lack of the 1955 census.
52
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similar pattern shown in Figure 2.9.
The next section explains the empirical strategies.

2.4

Empirical framework

The main identification strategy uses a difference-in-differences (DID)
estimation method with fixed effects. I compare municipalities with a
high share of post-reform owner farmers to those with a low share of
them (or a high share of post-reform tenant farmers), and examine if
the former municipalities react differently vis-á-vis the latter when the
machines become available and the urban sectors are growing. This estimation method uses the fact that the post-reform distribution has been
determined by the upper limits set by the central bureaucracy prior to
the land reform. An upper limit specified the total area of tenanted land
that each landlord in a particular area could keep. Thus, it affected how
many tenant farmers would become owner farmers during the reform
in that area. As mentioned in the background section, the post-reform
distribution of owner farmers is very different from the pre-reform distribution. The following analysis uses this new variation in land ownership
as a cross-sectional variation, which has emerged due to the land reform.
The next section describes the formula for computing these upper
limits.

2.4.1

Maximum Tenanted Land (MTL)

As mentioned earlier, the intensity of the reform was determined by
the upper limits (Maximum Tenanted Land, MTL) set by the central
bureaucracy, which specified the total area of tenanted land that each
landlord in a particular municipality could keep. The value stretched
from 0.6 cho in Hiroshima to 4 cho in Hokkaido, but the average of the
MTL in prefectures other than Hokkaido had to be 1 cho.53
53

One cho is approximately 1 hectare.
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The introduction of such upper limits was based on a proposal made

by a Commonwealth representative, Dr. MacMahon Ball, in conjunction
with his economic advisor, Eric E. Ward, during the sixth meeting of the
Allied Council.54 The proposal allowed the landlords to keep a certain
amount of tenanted land which was set to 1 cho.55 The proposal was
accepted by the SCAP authorities in Japan “as the basis on which the
latter eventually worked out with the Japanese Ministry of Agriculture
a plan of which they could approve (Dore 1959, p. 137).”
Based on the proposal, the Ministry of Agriculture and Forestry of
Japan made a ground plan by using a formula. According to the formula,
prefecture p’s MTL is the arithmetic mean of xp and zp where
xp =

!
P
k∈K Tk
P
× ap
k∈K

ak Tk

and

zp =

!
P
k∈K Tk
P
× bp .
k∈K bk Tk

(2.1)

In this formula, ap denotes the average land size of owned farmland, bp
the average land size of managed farmland, before the land reform, Tk
the total area of tenanted land, and K is the set of prefectures.56 The
owned farmland was based on the 1940 value, and the managed farmland
was based on the 1944 value (NKI 1951). All arable lands were included,
but grass lands, rough grazing, and forest lands were excluded.
This ap is regarded as the average land size of landowners, while bp
is simply the average land size of all farmers. Although these values are
distinguished in the formula, they are highly correlated in the data (99.3
54

Kitamura (2016) describes this in more detail. There was clearly a dissonance
between American-Commonwealth delegates and Russian delegates in terms of occupation policies. Russia announced reservations to Dr. Ball’s proposal, for example.
55
The value was proposed without any detailed calculation: “According to Dr.
MacMahon Ball’s explanation his reasoning was as follows. It would be ‘precipitous’
to abolish tenancy altogether, hence the question is: how much should be left? Since
the average size of holding is about 1 cho and since it is desirable that the tenants
who remain should have a viable holding, 1 cho would seem to be the answer (Dore
1959).”
56
It is easy to show that the weighted arithmetic mean of these values becomes one,
i.e. the average value of the MTL in prefectures other than Hokkaido. To see this,
first multiply
P both sides by Tk in (2.1), take the sum of them, and finally divide both
sides by
T .
k∈K k
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%). Therefore, one may simply regard them as the average farmland size
at the prefecture level before the reform. Note that values in parentheses
do not differ across prefectures - they are just weights. Finally, the values
are rounded at one-decimal point, so that several prefectures take the
same value.57
Municipal MTLs were also determined by the Prefectural Land Committees and were approved by the Central Land Committee prior to the
land reform by using the same formula, but the values were constrained
by the prefectural MTL in the sense that the average of the municipal
MTLs in a prefecture had to be equal to the MTL of that prefecture.58
Thus, the municipalities in a prefecture received a different shock
than the municipalities in another prefecture if the composition of the
municipalities differs between these two prefectures. The municipalities
which received lower limits would have more owner farmers than the
municipalities which were hardly affected. Since the formula for calculating these limits is explicitly known, I can add relevant variables to
control for confounding factors.
Still, adding control variables may not be enough to avoid omittedvariable bias. As a robustness check, I also compare two adjacent municipalities along both sides of the prefectural boundary. These two municipalities had been very similar until they received a different “shock”
during the land reform. One of the “twin municipalities” obtained more
57

There are 11 different values.
The procedure was the following. First, the plan made by the MAF was sent to
the Central Land Committee, and the Committee discussed the plan. The Committee consisted of 16 representatives from Prefectural Land Committees which were 8
representatives of tenants and 8 representatives of landlords, recommended by prefectural governors. Prefectural Land Committee members were elected by Municipal
Land Committee members, and the Municipal Land Committee members were elected
by farmers. In addition, two representatives from peasant unions and five university
professors were included in the Central Committee. They were selected on behalf
of the Minister of Agriculture and Forestry and appointed by the Yoshida Cabinet
(NKI 1951). The original plan was approved without changing values, except that
they allowed the Prefectural Land Committees to claim a different prefectural MTL
if they regarded the values to be unfair. Moreover, it allowed the Prefectural Land
Committees to set a municipal MTL if needed. All changes and proposals required
the approval of the Central Committee.
58
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owner farmers relative to its counterpart because the prefectures to
which the municipality had belonged received different shocks. I examine
how these initially identical two municipalities which received the different shocks in a tractable manner during the land reform would react
differently when agricultural machines became available.
The next section describes the identification strategy.

2.4.2

Empirical strategy

The main regression model is written by
ympt = σt + µm +

X

βj OwnerSharemp × Timejt + xmpt ξ + mpt , (2.2)

j∈Ω

for municipality m in prefecture p in census year t, where σ is year fixed
effects, µ municipality fixed effects, OwnerShare the share of owner farmers after the land reform, Timejt a time dummy which takes the value
of one in year j, and zero otherwise, Ω a set of census years, x municipal controls, and  the error term. The main outcome variables are the
number of power tillers per farm household and the share of the population aged 15-19. I cluster standard errors at the prefecture level. Finally,
prefecture-by-year fixed effects will be added in some specifications.
To validate the identification strategy, the treated municipalities
which had more owner farmers after the reform would have behaved
similarly as the control municipalities which had fewer owner farmers
if no machines had become available. As already shown in Figure 2.9,
the distribution of outcome variables prior to the introduction of agricultural machines was very similar. In Figure 2.11, I divide the sample
into two groups based on the share of owner farmers after the reform.
The municipalities above the median are regarded as a treated group,
and those below the median are regarded as a control group. The figure
shows the trend for these two groups.59 The top panel of the figure shows
59
Since the 1940 census does not contain the information about age distribution in
municipalities as mentioned earlier, I instead use the 1930 values.
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that the two groups have a similar trend by 1955. After that, the treated
group tends to adopt more machines relative to the control group. The
bottom panel shows a similar pattern in terms of the population share
aged 15-19. In this case, the treated group tends to have fewer young
people in the population as compared to the control group after 1960.
The parallel trend assumption seems to be satisfied according to these
figures.
The next section shows the estimation results.

2.5
2.5.1

Results
Difference-in-differences estimates

Table 2.2 shows the effect of land ownership on technology adoption.
The dependent variable is the number of power tillers per farm household. Column (1) only includes year fixed effects as control. The effect
did not appear by 1955 as expected. Column (2) adds municipality fixed
effects and baseline municipal controls which are average land sizes and
the total area of tenanted land before the land reform. The estimates remain nearly unchanged. Even adding the prefecture-by-year fixed effects
in column (3) barely changes the coefficients. In column (4), I also control for agricultural suitability, several geography and distance measures,
agricultural employment share, population, and cattle per farm household. Overall, the coefficients are very similar to those in column (3).
Finally, columns (5) and (6) exclude the North-West regions of Japan Hokkaido and Tohoku.60 Once again, excluding these regions does not
change the coefficients to a considerable extent, which is reassuring.
I find that the municipalities which had many owner farmers after the
land reform tended to experience a quick entry of new agricultural ma60

First, Hokkaido received a larger upper limit (4 hectare compared to 1 hectare
on average in the other prefectures). Second, there may be a concern that the Tohoku
region might send relatively more migrants to urban centers. Since the Tohoku region
has been relatively poor, it may also serve as a robustness check that the effects are
not simply explained by wealth.
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chines as compared to the municipalities in which more farmers remained
as tenants. To calculate the effect size, let us use the full specification
in column (4). Increasing the independent variable by one standard deviation (0.4) increases the power tillers per farm household (pooled) by
0.37 standard deviations for 1960, and by 0.84 standard deviations for
1965. The effect was nearly doubled in 1965.
Next, Table 2.3 shows the effect of land ownership on migration. The
dependent variable is the population share aged 15-19. Column (1) includes year fixed effects. Column (2) adds the 1930 sample, while column
(3) adds municipality fixed effects and the baseline municipal controls.
The change in the coefficients is very small. Adding prefecture-by-year
fixed effects in column (4) decreases the size slightly more. This indicates the importance of controlling for common shocks at the prefecture
level in terms of migration. Column (5) includes other control variables.
Finally, columns (6) and (7) show that removing the North-West regions
of Japan does not alter the results.
The table shows that the municipalities with more owner farmers
tend to have fewer young people in the population than the municipalities where more farmers remained as tenants. I will show below that
these young people indeed outmigrated from the municipalities. Moreover, I will provide the supporting evidence that the migration has been
affected by the adoption of labor-saving agricultural technologies.
The magnitude is moderate. Increasing the independent variable by
one standard deviation (0.42) decreases the population share by 0.42
standard deviations for 1960, and by 0.55 standard deviations for 1965,
according to the full specification in column (5). The effect size is somewhat smaller for migration than technology adoption. A plausible explanation might be that migration is only indirectly affected, while technology adoption is directly affected, by land ownership.
The DID estimates for both dependent variables are plotted in Figure 2.12. The pattern clearly corresponds to that in Figure 2.11.
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Comparing adjacent municipalities

The DID estimation method relies on the assumption that the variation
of the variable of interest is not related to other time-variant factors that
might affect technology adoption and/or migration. As described above,
the post-reform distribution has been affected by the upper limits set
by the central bureaucracy. Since the formula for calculating them is explicitly known, I can include relevant controls. Moreover, since including
municipality fixed effects and a wide range of municipal controls barely
changes the coefficients as seen above, it is less likely that the municipalities with many owner farmers after the land reform differ systematically
from the rest of the municipalities in any other dimensions.
To take a more conservative approach, I also compare two adjacent
municipalities along both sides of the prefectural boundary. As described
above, the MTL of municipalities was constrained by the MTL of the
prefecture of these municipalities. Therefore, two municipalities along
both sides of the prefectural boundary which would otherwise have been
very similar might have received different shocks during the land reform
only because these municipalities belonged to different prefectures.
To validate the identification strategy, I first check if such a shock indeed occurred during the reform. In Table 2.4, I use the dummy variable
which takes the value of one if a municipality belongs to the prefecture
whose MTL is smaller than that of its counterpart as the dependent
variable. The independent variables are the share of owner farmers before and after the land reform. I also include “twin” fixed effects. The
first column uses an OLS regression, while the second column uses a
logistic regression. The table shows that the owner share increased in a
municipality whose prefecture got a lower upper bound as compared to
its counterpart. According to column (1), highly affected municipalities
would increase the owner share by about 2 percentage points more than
less affected municipalities. The size of the difference may reflect that
the mean of the post-reform owner share in the control is already about
0.9 and the standard deviation is about 0.06.
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Next, I check if paired municipalities are identical, by regressing the

same dummy variable on each of variables that have been used above
one-by-one. Table 2.5 shows the results. I find that the two municipalities are identical in terms of population, agricultural employment share,
average land sizes, topographic characteristics, agricultural suitability,
several distance measures such as the distance to metropolitan areas, and
the availability of animal power. It is particularly important that two
municipalities are identical in terms of the average land sizes. An exception is the total area of tenanted land before the land reform, which may
be due to the fact that the variable is included in the formula (though
as weights). I will show that controlling for this variable as well as the
other variables does not alter the results.
Table 2.6 shows the results of the “twin” estimation. The dependent
variable for columns (1) through (3) uses the number of power tillers per
farm household, while the dependent variable for columns (4) through
(6) uses the population share aged 15-19. Columns (1) and (4) include
the total area of tenanted land before the land reform, in addition to
various fixed effects. Columns (2) and (5) include other control variables
used in Tables 2.2 and 2.3. Finally, columns (3) and (6) also add the share
of owner farmers before the land reform (1945). Overall, the effects are
very similar to what we have seen earlier.

2.5.3

Private vs. communal machines

In this section, I examine if land ownership also affects the adoption of
communal power tillers. Since tenant farmers might also be interested in
adopting the communal machines,61 we might observe either zero or even
negative effects. Since the data are only available for the agricultural
census of 1960 and 1965, I run OLS regressions by only using crosssectional variations.
Table 2.7 shows the results. Columns (1) and (3) use private power
tillers, while columns (2) and (4) use communal power tillers. The ef61

For example, landlords might buy the machine, and lease it to their tenants.
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fect appears for the private ones, but not for the communal ones. This
holds for both census years. This might indicate either that there is no
systematic difference between two types of farmers in terms of adopting
communal tillers, or that we do not have a sufficient variation.

2.5.4

Opportunity costs

One concern could be that municipalities with a high owner share might
be affected by heterogeneous urban shocks. For example, this may be
interpreted as heterogeneous shocks on relative wages. Municipalities
with a high owner share might have higher/lower opportunity costs,
although the results are robust to the inclusion of distance measures as
shown above. To examine this possibility even further, I use the same
DID regressions as before but divide municipalities into quantiles based
on the distance to the nearest metropolitan areas (Tokyo, Nagoya, and
Osaka). If farmers closer to the metropolitan areas were more likely to
respond to high opportunity costs, the effect may only appear for the
municipalities closer to these areas.
Table 2.8 shows the results. The effect appears in all quantiles. Moreover, the size of the effect is very similar in all quantiles. These results
indicate that the effects were not driven by heterogeneous shocks related
to opportunity costs. Rather, it is more likely that owner and tenant
farm households faced the same opportunity costs when the urban sectors were growing, but owner farm households were more likely to react
to it.

2.5.5

Destination and type of migrants using migration
data

This section checks if these young people have indeed outmigrated to
big cities using two sets of migration data. First, using the prefectural
origin-destination migration data, I examine whether the land ownership reform in origin prefectures affects migration to big cities. For this
purpose, I run a panel regression in which the dependent variable is ei-
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ther the number, or the fraction, of immigrants to big cities, and the
independent variable is the share of owner farmers in 1950 in the origin
prefectures interacted with time dummies.62 Prefecture and year fixed
effects are also included.
Table 2.9 shows the results. Column (1) is the fraction of immigrants,
while column (2) is the number of immigrants (log), to the big cities.
The significant positive effect in both specifications means that migrants
from prefectures with many owner farmers have been more likely to go
to these cities since 1960. The timing of the effect corresponds to the
pattern of migration that we have observed in the previous section. It
also corresponds to the period of rapid growth. The reason why these
prefectures with a high owner share tended to send more migrants to
distant metropolitan areas than anywhere else as shown in column (1)
may be that the owner farmers who adopted machines would no longer
require young human power in agriculture and, therefore, these young
generations could permanently be reallocated to non-agricultural sectors
in distant urban centers.
Second, using municipal migration data in 1960, I examine whether a
household has any family member who has graduated from a school and
has outmigrated in the past year. Since the data also contain information
about migrants’ age and birth order (e.g., if a person is the eldest son,
the second eldest son, etc.), I also examine if the migrants have any
specific characteristics in this regard.
Table 2.10 shows the effect on each category. The dependent variable
is the number of migrants of each category per agricultural population.
Columns (1) through (5) show the results for sons. Column (2) indicates
that the migrants were most likely second or younger sons. Interestingly,
slightly older eldest sons instead tended to stay, although the effect is
less precise. This might be explained by the custom of primogeniture
in Japan that the eldest son usually inherits ie, or a family’s lineage.
The custom may have been strengthened in the sense that the land
62

Big cities are Tokyo, Nagoya, and Osaka. The data are only available in 1954 and
then every five years since 1955. I used the data between 1954 and 1975.
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reform basically gave tenant farmers the property (land) which could
be inherited by descendants. The eldest sons might be more likely to
stay in agriculture to inherit the family’s property. According to Namiki
(1957), such a tendency was at least observed in the Tohoku region. In
contrast, the non-eldest sons were able to migrate to cities to find other
jobs.
Columns (6) through (8) show the results for daughters. Unfortunately, the agricultural census does not contain any information about
the age or birth order of migrated daughters. Instead, the only available information for the daughters is the reason for migration, i.e. if the
migration was due to marriage or not. First of all, the results indicate
that daughters of owner farm households have also been more likely to
outmigrate, although the estimate is less precise. However, there is no
clear indication of why the daughters have outmigrated.
These findings seem to correspond to the historical facts described
in the background section: those who outmigrated from the countryside
during the rapid growth period were young, and were second or younger
sons, and daughters, who had just graduated from junior high or high
schools. The migration was affected by the land ownership reform and
the adoption of labor-saving agricultural technologies, according to the
above results.

2.5.6

Work or education

This section examines the purpose of migration. Although historical
facts are such that most young cohorts have migrated to work, but not
to study, these will be tested empirically using the data.
Fortunately, the 1960 agricultural census contains information about
the number of household members who have been enrolled in the high
school or higher education, regardless of where schools have been located.
However, although the information is restricted to farm households, it
is impossible to know how many of them have actually outmigrated.
Therefore, I interact the owner share with the migration variables used
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in Table 2.10. Since I find a significant effect in column (5) of that table, I
use the dependent variable in that column for male migrants. For female
migrants, I use total female migrants used in column (8).
Table 2.11 shows the results. In column (1), I simply regress the number of household members who were studying per agricultural population
on the share of owner farmers. The significant negative sign means that
household members from the areas with a high share of owner farmers
are less likely to study. Finally, I only use male household members for
the dependent variable in column (2), while I only use female household
members for the dependent variable in column (3). I find similar results
here as well. These results as well as the results in Table 2.9 suggest
that young members of owner farm households have migrated to urban
centers to work in non-agricultural sectors.
Overall, I find no evidence that these migrants have continued to
study in higher education. Of course, this does not mean that higher education is not important for economic development. The findings are at
least consistent with the historical facts that the Japanese rapid growth
has been fueled by relatively young low-skilled workers who have accumulated skills in firms through on-the-job-training/learning-by-doing.

2.5.7

Connection between technology and migration

As described in the background section, the causation is most likely to
go from technology adoption to migration. To check this, I create a proxy
which is most likely to affect technology adoption, but not migration.
For such a variable, I use geological conditions, or the share of the land
area which consists of clay. The motivation for using such a variable is
that power tillers, especially early models which tend to have smaller
engines, have not worked properly in places where the soil has been
too hard. Moreover, such geological conditions must be less likely to be
related to migration.
Table 2.12 shows the results. According to columns (1) and (3), the
variables seem to show the predicted signs. Farmers in places where the
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soil is too hard are less likely to adopt power tillers. However, land ownership tends to offset the negative effect, or even increases the technology
adoption. Interestingly, columns (2) and (4) show the opposite signs:
places with hard soil tend to have more young people in the population,
but the land ownership tends to mitigate this.
Overall, these results seem to support the causal direction from technology adoption to migration rather than in the opposite direction.

2.6

Discussion

The previous sections show that owner farmers have been more likely to
adopt new agricultural technologies than tenant farmers. This section
discusses potential mechanisms for this.
Land ownership by cultivators
Old thinkers such as Arthur Young and John Stuart Mill, as well as
policy makers of 19th and 20th century Europe, have already recognized
the importance of redistributing land ownership to those who till the soil
(see e.g. Liversage 1945). For example, Arthur Young writes: “The magic
of property turns sand into gold.” In the Japanese case, this “magic” is
possibly explained by the following mechanisms.
The first mechanism relates to the argument that the power structure in rural societies affects agricultural investment and human-capital
promoting institutions (Banerjee et al. 2002, Goldstein and Udry 2008,
Galor et al. 2009). The motivation behind the Japanese land reform was
the empowerment of tenants and the democratization of rural societies.
For example, an instruction note sent to the Japanese authority also
known as “MacArthur’s Peasant Liberalization Directive” states that:
In order [...] [to] remove economic obstacles to the revival and
strengthening of democratic tendencies, establish respect for
the dignity of men, and destroy the economic bondage which
has enslaved the Japanese farmer to centuries of feudal op-
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pression, the Japanese Imperial Government is directed to
take measures to insure that those who till the soil of Japan
shall have a more equal opportunity to enjoy the fruits of
their labor. [...] The purpose of this order is to exterminate
those pernicious ills which have long blighted the agrarian
structure of a land where almost half the population is engaged in husbandry.

Due to the breakup of the landlord-tenant relationship during the land
reform, the former tenants might have been unconstrained and empowered.
First, eliminating agency costs due to the full-transfer of property
rights might have increased investment. For example, a related study,
Banerjee, Gertler, and Ghatak (2002), finds that a limited transfer of
property rights by improving the security of tenure of sharecroppers and
regulating land rents has a positive effect on agricultural productivity
in West Bengal.63 In contrast to a “limited transfer of property rights,”
this paper shows that a “full transfer of property rights” affects technology adoption. Moreover, Kitamura (2016) finds that farmers who have
obtained land during the reform have been politically empowered. Such
farmers might also have been more motivated to adopt new agricultural technologies. Finally, there might also exist indirect effects of land
ownership: owner farmers might be able to take a loan by using their
farmland as collateral (Besley et al. 2012).
No rents
Another possible mechanism might be that owner farmers were able to
invest because they no longer paid high land rents to landlords. However, this effect might be limited. Recall that this paper compares owner
farmers and tenant farmers who existed in the post-reform period. According to the Agricultural Land Act, the rents for paddy fields (dry
63

They even make a conjecture that “a full transfer of landownership that would
completely eliminate agency costs is likely to have positive effects on productivity [...]
(p. 240).”.
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fields) were regulated at 25 percent (15 percent) of the output value. In
practice, the land rents were about 7 percent of the output value in 1963
(Kawano 1963). Therefore, tenant farmers also no longer bore a heavy
burden as compared to the pre-reform situation.

2.7

Aggregate impact of land reform

This section assesses the impact of labor reallocation and technology
adoption caused by the land ownership reform on industrial development
and economic growth. As described in the background section, Japan
experienced a rapid growth between the late 1950s and the early 1970s
when many young cohorts migrated from the countryside to big cities to
work in industries and service sectors. The above findings indicate that
the land ownership reform and the technology adoption in agriculture
seem to explain part of such migration. This section assesses how much
these factors contributed to the growth of the economy.
Structural transformation is most likely to be associated with labor reallocation across sectors and locations. Ideally, one may want the
data that keep track of each individual’s migration pattern as well as
occupation, but such data are not available for Japan during the period
studied. To tackle this issue, I adopt a simple growth model to quantify
the impact. The model reflects the above micro findings, and uses micro
data to get parameter values for each municipality. I also run a couple of
counterfactual simulations using the model to make a comparison with
the baseline results.

2.7.1

A simple model

The economy has N population. Let us denote the set of prefectures by
P. Each prefecture contains a finite number of municipalities with equal
size. A municipality has either farmers or firms. I call the municipality
with farmers a village (with notation a), and the municipality with firms
a city (with notation u). A prefecture consists of many villages and cities.
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I denote the non-empty set of villages in prefecture p ∈ P by Ap and
that of the cities by Up . I assume that farmers and firms do not move
across municipalities, and the characteristics of the municipalities do not
change over time.64
Farmers use machines, labor, and land for production. The machine
is only valued by its purchaser. It is imported and depreciates perfectly
in the next period. The land is rented from the landlord.
I assume that there is a “wedge” for adopting the machines. The
wedge is location specific, and takes the same value over time. It may
be interpreted as a technology adoption barrier caused by the landlordtenant relationship.
The production technology of the representative farmer in village i
in prefecture p in period t takes a CES form:
α

pi φ φ
Yatpi = Apat [γ(Mtpi )φ + (1 − γ)(Nat
) ] (Lpi )1−α ,

(2.3)

where Apat is agricultural TFP, which is assumed to grow at a constant
pi
rate ga > 0, Mtpi machines, Nat
agricultural labor, and Lpi land. The

parameter φ ≤ 1 relates to the elasticity of substitution between the machine and labor. The parameter α ∈ (0, 1) measures the share of factors
other than land in production. Finally, the parameter γ ∈ (0, 1) captures the relative importance of machines in production. The following
analysis assumes that α < φ < 1, which implies that the machine and
labor are substitutes. Since the land has no alternative use other than
production, it is set as Lpi = 1 for all i and for all p. The TFP being
indexed by prefecture implies that initial agricultural TFPs can differ
across prefectures.
By assumption, the static profit maximization of the representative
64

Therefore, the model may not be suitable for analyzing very long-run effects. In
contrast, Michaels et al. (2012) allow for the change in locational characteristics in
order to analyze urbanization in the United States in the period 1880-2000.
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farmer of village i in prefecture p becomes
max

Nat ,Mt ≥0

pi
(1 − τ pi )(Yatpi − wtpi Nat
− r) − Mtpi ,

(2.4)

where τ pi ∈ (0, 1) reflects the wedge or the technology adoption barrier,
which can take different values across locations, wtpi the wage rate, and
r land rents. The world price of the machine is normalized to 1 for
simplicity.
The production technology of the representative firm in city j in the
same prefecture is written by
pj
pj
Yut
= Aut Nut
,

(2.5)

where Aut is non-agricultural “TFP” (including capital), which is aspj
sumed to grow at a constant rate gu > ga , and Nut
labor. I assume that

initial non-agricultural TFP is the same across cities (Aut is not indexed
by prefecture).65 The shape of the production function may yield that
the urban wage is equated to Aut in every period.
Workers move freely, so that the wage is equated across sectors and
locations, wtpi = wt for all i and for all p. Finally, to close the model, the
following labor market clearing condition must hold every period:


N=

X


X


p∈P

i∈Ap

pi
Nat

+

X

pj 
Nut
.

(2.6)

j∈Up

It can be shown that
Proposition 2.1: All variables asymptotically grow at constant rates.
Proof: See the Appendix.
Next, I derive a prediction of the model. The first-order conditions de65
Another way of stating the assumption is that the urban wage is the same across
cities. Alternatively, one can analyze the case where the labor market is closed at the
prefecture level.
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rived from the representative farmer’s profit maximization problem yield
mpi
t :=
such that

∂m
∂w

> 0 and

Mtpi
pi
Nat
∂2m
∂w∂τ

=



γ
(1 − τ pi )wt
1−γ



1
1−φ

,

(2.7)

< 0. Thus, the farmers facing small τ pi

use more machines and less labor, and the effect becomes larger over
time as wt (= Aut ) increases. Note that the effect is driven by both the
numerator (increase in M ) and the denominator (decrease in Na ).
The intuition is the following. Workers have more incentives to work
in a city when the economy grows. The reduction of labor would raise
the agricultural wage until it is equated to the urban wage, or until no
arbitrage condition holds, in every period. As the labor costs increase
over time, farmers tend to use more machines. However, farmers facing
a lower barrier are more likely to switch because it is cheaper for them
to do so than for farmers facing a higher barrier.
Note that although the model presumes that machines do exist, this
process only occurs when such labor-saving technologies become available. Moreover, if the machine cost is too high, farmers may tend to use
more labor. Thus, the availability of affordable labor-saving machines is
crucial for this mechanism to work.
Prediction 2.1: Farmers facing a lower technology adoption barrier
use more machines and less labor than farmers facing a higher barrier
when labor-saving machines become available. The effect becomes larger
over time as the economy grows.
This prediction corresponds to the findings of the empirical section.
The next section parametrizes the model.

2.7.2

Calibration

The parameters and endowments to be determined are {{φ, α, γ}, {ga , gu },
N , {Apa0 , Au0 }, {τ pi }}. First, I set α, which measures the non-land factor
share in agriculture, to 0.66, which is similar to the value in Valentinyi
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Model parameters
φ
0.93

α
0.66

γ
0.25

ga
0.03

gu
0.09

N̄
35,624,957

and Herrendorf (2008) and Hansen and Prescott (2002). Then, I pin
down {φ, γ} to match two targets simultaneously:66 the agricultural labor share (0.46) taken from Valentinyi and Herrendorf (2008) and the
agricultural employment share in 1955 (0.397). This procedure yields
φ = 0.93 and γ = 0.25.67
For gu , I take the average of the annual growth rate of non-agricultural
real GDP between 1955-74.68 To get ga , I multiply (1 − α) with the average of the annual growth rate of agricultural capital in the same period.69
I use the total labor force in 1955 for N . Initial TFPs are calculated from
production functions.70
Finally, I calculate τ pi across locations using the municipality data.
This parameter is most important in the model, and makes the current
model be different from standard two-sector models. To measure the τ
of a municipality, I use a proxy which is the share of owner farmers in
the municipality, which has been used in the empirical analysis above.
The motivation comes from the empirical finding: owner farmers were
more likely to adopt agricultural machines than tenant farmers. Since
the parameter can be interpreted as a technology adoption barrier, the
owner share may be a good proxy for τ .
Since all values have been aggregated at the prefecture-level after
66

I use Python for the numerical analysis.
In other words, the capital share is assumed to be 0.2 in agriculture, which is
between Hansen and Prescott (2002) (0.1) and 1/3.
68
This is motivated by the fact that the growth rate of non-agricultural TFP is
equal to that of non-agricultural GDP in the long run (see the proof of Proposition
2.1).
69
This is motivated by the fact that the growth rate of agricultural TFP will be
that of agricultural machines multiplied by (1 − α) in the long run (see the proof of
Proposition 2.1).
70
The procedure is described in the Appendix.
67
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calculation, I have used the 1950 municipality as the unit of observation
because the original land reform data have been stored at this level. The
number of municipalities in the sample is therefore 10,040. I define shi
(city) and ku (special districts) as cities, and machi (town) and mura
(village) as villages. In total, there are 266 cities and 9,774 villages in
the data. I calculate τ ’s for all villages.
First of all, using the first-order conditions and the production function of the representative farmer, I get the model’s τ ’s. Since the agricultural GDP data are only available at the prefecture level, I first derive
the prefecture-level τ ’s, and then derive the municipality-level τ ’s.
Using the first-order conditions, the production function of the representative farmer in prefecture p for the benchmark economy may be
written by

Yap,model (ep )

=










γ

















"
#

 φ φ−α 





1−φ
1−γ


 γ + (1 − γ) γ ep




+(1 − γ)

where ep :=

αγ φ
ep

 1
1−α















[α(1 − γ)]φ

 1  αφ
1−α 













"
#φ−α 


 φ




1−φ
γ
1




+ (1 − γ)

 γ 1−γ ep

, (2.8)









1
71
1−τ p .

Next, I find a root of Yap,model (ep )−Yap,data = 0 for each p by using the
Levenberg-Marquardt algorithm, where Yap,data is the prefectural agricultural real GDP in 1955.72 Let the root for prefecture p be ep,model . Then,
I use the vector of roots as the dependent variable, and fit cubic polynomials with the prefectural data by using non-linear least squares.73
71

I set the productivities to one by following Adamopoulos and Restuccia (2014).
See the Appendix for the data source.
73
The cubic polynomials are the lowest order which fit the data well.
72
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Formally, the regression model for prefecture p is written by
ep,model = ϕ0 +

X

ϕk OwnerSharekp + up ,

(2.9)

k∈{1,2,3}

where OwnerShare is the share of owner farmers after the land reform
and u is the error term. This gives the coefficients ϕ1 = −11.681 (3.196),
ϕ2 = 13.162 (3.602), and ϕ3 = −4.942 (1.353), where the standard
errors are in parentheses (R2 = 0.29). I keep the coefficients and perform
the out-of-sample prediction of municipal e’s using the share of owner
farmers at the municipality level as the independent variable. Finally,
I calculate τ̂ = 1/ê, where ê is the predicted value at the municipality
level, and normalize them so that the values are in (0,1).
Using these parameters and endowments, I calculate all economic
variables at the municipality level. I then aggregate them at the national
level.

2.7.3

Counterfactual simulations

The paper also conducts counterfactual simulations. In particular, I examine two scenarios:
Scenario 1: No land reform.
Scenario 2: All villages get τ = 0 (full land reform).
The first scenario is motivated to make a comparison with the baseline results to quantify how much the land reform contributed to industrial development and economic growth. As mentioned earlier, the
Japanese economy grew rapidly between the late 1950s and the early
1970s. Although the urban sectors were growing during that period, the
reallocation of workers from agriculture to industries and service sectors
might even have fueled the growth of those sectors. To assess this, I use
the pre-reform variation in the owner share at the municipality level.
The second scenario examines a most radical case in which there are no
barriers to technology adoption.
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τ
Land reform
No land reform

2.7.4

Mean
0.02
0.76

S.d.
0.0004
0.0191

Simulation results

Calculated τ ’s in the above table show a very different distribution between the baseline and Scenario 1 (no land reform). The τ ’s for the
baseline are very small as compared to the no-land reform case, meaning that the land reform substantially decreased the technology adoption
barrier across the country. This may reflect the fact that the distribution
of the owner share shifted radically due to the land reform as shown in
Figure 2.3.
Next, Figure 2.13 shows the behavior of the model for the baseline
and Scenario 1. Solid lines are the baseline results, while dashed lines
are the results with no land reform (Scenario 1). The upper left panel
shows the result for technology adoption. It starts increasing dramatically around 1960 in the baseline, while nothing happens in the no-land
reform case. This is due to the fact that the land reform has yielded
many owner farmers who have been more likely to adopt agricultural
technologies. The difference in the likelihood of the technology adoption
also affects agricultural productivity, or agricultural GDP divided by
agricultural employment, as shown in the upper right panel. It shows
that the difference between two cases appears in the early 1960s. For
both cases, a gradual increase in agricultural productivity is explained
by a gradual decrease in agricultural employment. However, the agricultural productivity starts increasing more rapidly in the baseline because
more farmers adopt technologies and reallocate labor off-farm.
The adoption of technologies quickens the process of labor reallocation from agriculture to non-agriculture. This leads to a rapid increase
in production in urban sectors, which is reflected in the increase in the
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GDP growth rate shown in the lower-left panel. Once the transition path
has been completed, the growth rate converges to the long-run value. In
contrast, there is no such temporary increase in the growth rate in the
no-land reform case since the transition is slow due to insufficient technology adoption and labor reallocation. The increase in the growth rate
affects GDP, which is shown in the lower-right panel. The GDP starts
to diverge from that of the no-land reform case in the early 1960s.
Table 2.13 shows the average growth rate of the GDP between 195574 based on the simulation and in the data. Compared to the no reform
case, the land reform increased the growth rate by above 1/2 percentage
points for 20 years. The total effect is about 12 percent of the 1974 GDP.
In contrast, there is no difference between the baseline and Scenario 2.
This may be because of the τ ’s already being very small due to a massive
land reform.
Overall, these results suggest that although the role of urban sectors
tends to be emphasized regarding the Japanese rapid growth, the role
of the agricultural sector should not be ignored.

2.7.5

Discussion

Although this paper uses a simple growth model, the model can be extended in several ways. For example, urban TFP can be endogenized by
incorporating learning-by-doing. In that case, the increase in the urban
wage (or urban TFP) in (2.7) becomes a function of urban employment.
Second, although the agricultural production function assumes a
Hicks-neutral technical change, a capital-augmenting technical change
can be incorporated. In that case, an additional term appears in (2.7),
but its effect on the substitution of machines for labor is essentially the
same as that of the urban wage.
So far, the results are driven by the supply side. In contrast, the
change in consumption patterns over time exemplified by Engel’s law is
another crucial factor for structural transformation. If I incorporate preferences and the general equilibrium effect in the model, the transition
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effect on the GDP growth rate might become relatively mild, although
the substitution effect might be still stronger in the land reform case.
Finally, although the model implicitly assumes that cities are homogeneous, and that there is a one-way migration from the countryside to
the cities, more complicated migration patterns can be incorporated if I
include consumers’ migration decision across locations (see e.g. Desmet
et al. 2015).

2.8

Conclusion

Despite the historical argument that property rights and technological
advancement in agriculture are important for development, these relationships are not fully understood even nowadays. This paper tackles the
issue by using a novel approach by combining micro findings to macro
modeling and simulations. The framework of the paper can be applied
to analyze other countries.
The first part of the paper examines the causal effect of land ownership by cultivators on technology adoption in agriculture. I exploit a
natural experiment tied to the Japanese land reform during the occupation period to get a plausibly exogenous variation in land ownership.
I find that the land ownership by cultivators increased the adoption of
new labor-saving agricultural technologies which became available after
the reform. The technology adoption reduced the dependence on family
labor. Thus, family members, notably non-eldest sons, and daughters,
were able to migrate to big cities to work in industries and service sectors
when these sectors were growing.
The second part of the paper quantifies how much the labor reallocation caused by the land reform and technology adoption contributed to
economic growth. To tackle this issue, I simulate a simple growth model
using micro data by reflecting the empirical findings in the first part. I
find that the labor reallocation had a large positive effect on economic
growth by fueling the development of urban sectors. Since the land reform yielded many owner farmers who were more likely to substitute
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agricultural machines for family labor, more workers were able to migrate to big cities when urban sectors were growing. In addition, I find
a large positive effect in agricultural productivity. The effect was largely
driven by the adoption of technologies (and the reduction of labor) rather
than the reallocation of labor from agriculture to non-agriculture per se.
Overall, the findings of the paper indicate a relationship:
Land ownership, urban growth → Technology adoption →
Structural transformation
Note that this paper does not claim that the adoption of labor-saving
technology always leads to rural-urban migration. If urban sectors do
not grow, redundant labor may stay in agriculture or may become unemployed. The adoption of labor-saving technologies may be most likely
to foster structural transformation when non-agricultural sectors provide sufficient jobs. Therefore, it must be of great importance to have
urban growth (or a pull factor), besides land ownership and the adoption of labor-saving technologies (or push factors), in order to sustain
rural-urban migration and structural transformation.
The substitution of capital for labor in agriculture is a historical
phenomenon in many countries. The fact that Korea and Taiwan also
experienced land reforms and rapid growth thereafter suggests that a
similar mechanism might have worked in these countries. The United
States and Europe might also have experienced a similar capital-labor
substitution in agriculture. Further research may be needed.
Finally, the findings of the paper may also raise an interesting question: does the society based on private ownership stimulate economic
activity and improve social welfare? Changing the number and the distribution of “owners” in society seems to have different welfare implications.
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Table 2.1: Summary statistics
Mean

Std. dev.

Obs.

0.01
0.01
0.03
0.07
0.03
0.57
0.89
631.00
0.34
0.35

0.04
0.02
0.05
0.09
0.06
0.15
0.06
770.01
0.65
0.32

2545
2054
2574
2560
9733
2497
2488
2498
2497
2545

0.09
0.10
0.08
0.09
0.09
21552.69
0.57

0.02
0.01
0.02
0.02
0.02
43507.42
0.21

1880
2584
2536
2582
9582
10335
10325

254.07
7.22
26.73
19.38
282.25
0.61

239.77
16.02
26.11
13.41
298.95
1.91

2590
2590
2590
2590
2590
2590

A. Agriculture
Power tillers per farm household (1950)
Power tillers per farm household (1955)
Power tillers per farm household (1960)
Power tillers per farm household (1965)
Power tillers per farm household (all years)
Owner share (1945)
Owner share (1950)
Tenanted land (cho, 1945)
Average land size (cho)
Cattle per farm household (1950)
B. Demography
Population share 15-19 years old (1930)
Population share 15-19 years old (1950)
Population share 15-19 years old (1960)
Population share 15-19 years old (1965)
Population share 15-19 years old (all years)
Population
Employment share in agriculture
C. Geography
Distance to nearest metropolitan area (km)
Distance to nearest train station (km)
Distance to nearest coastline (km)
Mean slope
Mean elevation
Agricultural suitability index

Notes: See the data section for a more detailed description of the data source and
construction procedure.

0.030
no
no
yes
no
0.20
0.20
9409

Mean of dep. variable
Controls
Municipality F.E.
Year F.E.
Prefecture-by-year F.E.

R2
Adj. R2
Number of obs.
0.37
0.37
9392

0.030
yes
yes
yes
no

0.010
(0.012)
0.051
(0.022)∗∗
0.110
(0.044)∗∗

(2)

0.44
0.44
9392

0.030
yes
yes
yes
yes

0.001
(0.013)
0.055
(0.018)∗∗∗
0.116
(0.032)∗∗∗

(3)

0.49
0.48
9105

0.028
0
yes
yes
yes
yes

0.009
(0.011)
0.058
(0.016)∗∗∗
0.130
(0.034)∗∗∗

(4)

0.49
0.48
8474

0.026
0
yes
yes
yes
yes

0.006
(0.012)
0.043
(0.014)∗∗∗
0.091
(0.032)∗∗∗

(5)

0.47
0.46
7248

0.025
0
yes
yes
yes
yes

0.001
(0.012)
0.043
(0.013)∗∗∗
0.099
(0.033)∗∗∗

(6)

Notes: Standard errors are clustered at the prefecture level. ∗ p < 0.1,∗∗ < 0.05,∗∗∗ < 0.01. The dependent
variable uses power tillers per farm household. Column (1) includes year fixed effects. Column (2) adds
municipality fixed effects and municipal controls: average land sizes and the total area of tenanted land
before the land reform (log). Column (3) adds prefecture-by-year fixed effects. Column (4) adds more
municipal controls: agricultural employment share, population (log), cattle per farm household, distance
to three metropolitan areas (log), distance to the nearest train station (log), distance to the coastal line
(log), slope and elevation (log), and agricultural suitability index. All time invariant variables are interacted
with time dummies. Columns (5) and (6) use the same specification as column (4) but exclude Hokkaido,
and Hokkaido and Tohoku, respectively.

× 1965

× 1960

× 1955

0.008
(0.018)
0.011
(0.009)
0.055
(0.022)∗∗
0.122
(0.061)∗

Owner share

(1)

Power tillers per farm household

Table 2.2: Effects of land ownership on technology adoption
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(7)

0.16
0.16
9226

0.091
no
no
yes
no
0.45
0.45
7399

0.093
yes
yes
yes
no
0.59
0.59
7399

0.093
yes
yes
yes
yes
0.67
0.67
7159

0.092
0
yes
yes
yes
yes

0.68
0.67
6667

0.092
0
yes
yes
yes
yes

0.65
0.64
5701

0.091
0
yes
yes
yes
yes

Notes: Standard errors are clustered at the prefecture level. ∗ p < 0.1,∗∗ < 0.05,∗∗∗ < 0.01. The dependent variable uses
the share of the population aged 15-19. Column (1) includes year fixed effects. Column (2) adds the 1930 sample, while
column (3) adds municipality fixed effects and municipal controls: average land sizes and the total area of tenanted
land before the land reform (log). Column (4) adds prefecture-by-year fixed effects. Column (5) adds more municipal
controls: agricultural employment share, population (log), cattle per farm household, distance to three metropolitan
areas (log), distance to the nearest train station (log), distance to the coastal line (log), slope and elevation (log),
and agricultural suitability index. All time invariant variables are interacted with time dummies. Columns (6) and
(7) use the same specification as column (5) but exclude Hokkaido, and Hokkaido and Tohoku, respectively.

× 1965

× 1960

0.16
0.16
7414

(6)

R2
Adj. R2
Number of obs.

(5)

0.093
no
no
yes
no

(4)

Mean of dep. variable
Controls
Municipality F.E.
Year F.E.
Prefecture-by-year F.E.

(3)

0.006
−0.007
(0.009)
(0.010)
−0.081
−0.068
−0.083
−0.044
−0.020
−0.022
−0.025
(0.020)∗∗∗ (0.018)∗∗∗ (0.018)∗∗∗ (0.009)∗∗∗ (0.007)∗∗∗ (0.007)∗∗∗ (0.008)∗∗∗
−0.070
−0.058
−0.074
−0.044
−0.026
−0.024
−0.025
(0.014)∗∗∗ (0.012)∗∗∗ (0.011)∗∗∗ (0.008)∗∗∗ (0.008)∗∗∗ (0.008)∗∗∗ (0.009)∗∗∗

(2)

Owner share

(1)

Population share aged 15-19

Table 2.3: Effects of land ownership on migration
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Table 2.4: Emergence of difference within paired municipalities

Owner share (1945)
Owner share (1950)

OLS

Logit

(1)

(2)

0.0116
0.0229
(0.1450)
(0.2985)
1.9600
4.5198
(0.3165)∗∗∗ (0.7701)∗∗∗

Twin F.E.

yes

R2
Pseudo R2
Number of obs.

0.03
3362

yes
0.02
2812

Notes: Standard errors are clustered at the twin
level. ∗ p < 0.1,∗∗ < 0.05,∗∗∗ < 0.01. The dependent variable is the dummy which takes the value
of one if a municipality belongs to the prefecture
whose MTL is smaller than that of its counterpart. All models include twin fixed effects.
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Table 2.5: Balance check (municipal twins)
Coeff.
A. Agriculture
Agricultural employment share
Population
Oxen per farm household
Land size
Tenanted land before reform

−0.140
(0.142)
0.010
(0.027)
0.098
(0.124)
−0.323
(0.295)
−0.045
(0.018)∗∗

B. Geography
Slope
Elevation
Distance to metropolitan areas
Distance to nearest train station
Distance to coast
Agricultural suitability index

−0.002
(0.003)
0.059
(0.047)
−0.207
(0.186)
−0.009
(0.025)
0.060
(0.056)
−0.036
(0.025)

Note: Standard errors are clustered at the twin level.
∗
p < 0.1,∗∗ < 0.05,∗∗∗ < 0.01. The dependent variable
is the dummy which takes the value of one if a municipality belongs to the prefecture whose MTL is smaller
than that of its counterpart. The 1950 values are used for
agricultural employment share, population, and oxen per
farm household. All models include twin fixed effects.

0.54
0.52
3678

0.024
0
yes
yes
yes
yes
0.54
0.52
3678

0.024
00
yes
yes
yes
yes
0.67
0.66
2970

0.087
yes
yes
yes
yes

0.74
0.73
2895

0.086
0
yes
yes
yes
yes

0.74
0.73
2895

0.086
00
yes
yes
yes
yes

Notes: Standard errors are clustered at the twin level. ∗ p < 0.1,∗∗ < 0.05,∗∗∗ < 0.01. The dependent variable
for columns (1)-(3) uses the power tillers per farm household. The dependent variable for columns (4)-(6)
uses the population share aged 15-19. Columns (1) and (4) are the baseline results which include the total
area of tenanted land before the land reform (log) as a control, in addition to twin fixed effects, year
fixed-effects, and prefecture-by-year fixed effects. Columns (2) and (5) add more municipal controls as in
Tables 2.2 and 2.3. Columns (3) and (6) also control for the share of owner farmers before the land reform
(1945).

× 1965

× 1960

0.51
0.50
3757

(6)

R2
Adj. R2
Number of obs.

(5)

0.024
yes
yes
yes
yes

(4)

Mean of dep. variable
Controls
Twin F.E.
Year F.E.
Prefecture-by-year F.E.

(3)

0.009
−0.007
−0.011
(0.005)
(0.007)
(0.010)
0.059
0.040
0.055
−0.061
−0.049
−0.059
(0.013)∗∗∗ (0.013)∗∗∗ (0.017)∗∗∗ (0.018)∗∗∗ (0.016)∗∗∗ (0.015)∗∗∗
0.109
0.097
0.129
−0.046
−0.039
−0.049
(0.025)∗∗∗ (0.023)∗∗∗ (0.030)∗∗∗ (0.017)∗∗∗ (0.016)∗∗
(0.016)∗∗∗

(2)

Population 15-19

Owner share × 1955

(1)

Power tillers

Table 2.6: Effects of land ownership on technology adoption and migration using adjacent municipalities
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Table 2.7: Effects of land ownership on adoption of private v.s. communal
power tillers
1960

1965

Private

Communal

Private

Communal

(1)

(2)

(3)

(4)

Owner share

0.054
(0.015)∗∗∗

0.007
(0.006)

0.115
(0.035)∗∗∗

0.005
(0.005)

Controls
Prefecture F.E.
R2
Adj. R2
Number of obs.

yes
yes
0.31
0.29
2380

yes
yes
0.42
0.41
2380

yes
yes
0.25
0.23
2415

yes
yes
0.40
0.39
2415

Notes: Standard errors are clustered at the prefecture level. ∗ p < 0.1,∗∗ <
0.05,∗∗∗ < 0.01. Columns (1) and (2) use the data for 1960, while columns (3)
and (4) use the data for 1965. The dependent variable for columns (1) and (3)
uses the private power tillers per farm household, while the dependent variable
for columns (2) and (4) uses the communal power tillers per farm household. I
include prefecture fixed effects and the same municipal controls as in column
(4) of Table 2.2.
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Table 2.8: Heterogeneous effects by the distance to metropolitan areas
Power Tillers
(1)
Owner share × 1955 q1
× 1955 q2
× 1955 q3
× 1955 q4
× 1960 q1
× 1960 q2
× 1960 q3
× 1960 q4
× 1965 q1
× 1965 q2
× 1965 q3
× 1965 q4
Municipality F.E.
Year F.E.
Prefecture-by-year F.E.
R2
Adj. R2
Number of obs.

0.018
(0.012)
0.014
(0.011)
0.010
(0.012)
0.005
(0.012)
0.067
(0.018)∗∗∗
0.071
(0.017)∗∗∗
0.066
(0.017)∗∗∗
0.054
(0.017)∗∗∗
0.157
(0.043)∗∗∗
0.130
(0.033)∗∗∗
0.113
(0.029)∗∗∗
0.105
(0.029)∗∗∗

(2)
0.012
(0.012)
0.011
(0.012)
0.007
(0.011)
0.003
(0.012)
0.057
(0.016)∗∗∗
0.064
(0.017)∗∗∗
0.059
(0.016)∗∗∗
0.053
(0.019)∗∗∗
0.142
(0.038)∗∗∗
0.135
(0.037)∗∗∗
0.140
(0.035)∗∗∗
0.113
(0.033)∗∗∗

Population 15-19
(3)

−0.028
(0.010)∗∗
−0.027
(0.009)∗∗∗
−0.027
(0.009)∗∗∗
−0.024
(0.010)∗∗
−0.026
(0.009)∗∗∗
−0.025
(0.009)∗∗∗
−0.030
(0.009)∗∗∗
−0.032
(0.009)∗∗∗

(4)

−0.022
(0.007)∗∗∗
−0.020
(0.007)∗∗∗
−0.022
(0.007)∗∗∗
−0.019
(0.007)∗∗∗
−0.024
(0.008)∗∗∗
−0.026
(0.008)∗∗∗
−0.031
(0.008)∗∗∗
−0.027
(0.008)∗∗∗

yes
yes
no

yes
yes
yes

yes
yes
no

yes
yes
yes

0.43
0.42
9105

0.49
0.48
9105

0.60
0.60
7147

0.67
0.67
7147

Notes: Standard errors are clustered at the prefecture level. ∗ p < 0.1,∗∗ <
0.05,∗∗∗ < 0.01. The dependent variable for columns (1) and (2) uses power
tillers per farm household. The dependent variable for columns (3) and (4)
uses the share of the population aged 15-19. The municipalities are split into
quantiles based on the distance to metropolitan areas (Tokyo, Nagoya and
Osaka). Columns (1) and (2) include year fixed effects, municipality fixed
effects, and the same municipal controls as in column (4) of Table 2.2. Finally,
columns (2) and (4) add prefecture-by-year fixed effects.
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Table 2.9: Destination of migrants
Migrants to big cities
Fraction
(1)
Owner share × 1954
× 1955
× 1960
× 1965
× 1970

Log
(2)

0.090
−0.300
(0.061)
(2.135)
0.094
−0.000
(0.061)
(2.135)
0.172
4.341
(0.061)∗∗∗ (2.135)∗∗
0.126
3.716
(0.061)∗∗
(2.135)∗
0.123
3.713
(0.061)∗∗
(2.135)∗

Year F.E.
Prefecture F.E.

yes
yes

yes
yes

R2
Number of obs.

0.04
252

0.48
252

Notes: Robust standard errors are in parentheses. ∗ p < 0.1,∗∗ < 0.05,∗∗∗ < 0.01. The dependent
variables are either the number (log), or the fraction, of immigrants to big cities. The big cities are
three metropolitan areas (Tokyo, Nagoya, Osaka).
Year and prefecture fixed effects are included in all
specifications. The year 1975 is used as the baseline. The unit of observation is prefecture.

yes
yes
0.11
0.09
2480

Controls
Prefecture F.E.
R2
Adj. R2
Number of obs.

yes
yes
0.21
0.20
2480

0.0013
(0.0003)∗∗∗
yes
yes
0.17
0.16
2480

−0.0003
(0.0002)∗

(3)

Eldest

yes
yes
0.20
0.19
2480

0.0006
(0.0003)

(4)

2nd or younger

Son: 20-24 years old

yes
yes
0.28
0.27
2480

0.0015
(0.0007)∗∗

(5)

Total

Son

yes
yes
0.15
0.13
2480

0.0013
(0.0010)

(6)

Marriage

yes
yes
0.36
0.35
2480

0.0020
(0.0015)

(7)

Non-marriage

Daughter

yes
yes
0.26
0.25
2480

0.0033
(0.0018)∗

(8)

Total

Notes: Standard errors are clustered at the prefecture level. ∗ p < 0.1,∗∗ < 0.05,∗∗∗ < 0.01. The dependent variable is the number of migrants
of each category per agricultural population. The migrants were those who graduated from a school before 1959. Columns (1) and (2) use
male migrants who are younger or equal to 19 years old as the dependent variable, while columns (3) and (4) use male migrants who are
aged 20-24 as the dependent variable. Columns (5) takes the sum of them. Columns (6) through (8) use female migrants as the dependent
variable. Columns (6) and (7) use the number of female migrants whose reason for migration was marriage and non-marriage, respectively,
as the dependent variable, while column (8) takes the sum of them. The main independent variable is the share of owner farmers in 1950.
All models include prefecture fixed effects and municipal controls: average land sizes and the total area of tenanted land before the land
reform (log).

−0.0001
(0.0003)

(2)

(1)

Owner share

2nd or younger

Eldest

Son: 19 years old or younger

Table 2.10: Type of migrants
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Table 2.11: Agricultural population who studies in higher education

Owner share

All

Male

Female

(1)

(2)

(3)

−118.814
(47.480)∗∗

× Male migrants
× Female migrants

−0.022
−0.017
(0.006)∗∗∗ (0.004)∗∗∗
−0.694
(0.160)∗∗∗
−0.369
(0.087)∗∗∗

Controls
Prefecture F.E.

yes
yes

yes
yes

yes
yes

R2
Adj. R2
Number of obs.

0.48
0.47
2480

0.35
0.34
2480

0.45
0.43
2480

Notes: Robust standard errors are in parentheses. ∗ p < 0.1,∗∗ <
0.05,∗∗∗ < 0.01. The dependent variable in column (1) is the
number of farm household members who were studying in the
high school or the higher educational institution in February
in 1960 per agricultural population. Columns (2) and (3) use
the same dependent variable, except that they only use male
members and female members, respectively. Male migrants is
the dependent variable used in column (5) in Table 2.10. Female migrants is the dependent variable used in column (8) in
the same table. The control variables are prefecture fixed effects
and municipal controls: average land sizes and the total area of
tenanted land before the land reform (log).
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Table 2.12: Connection between technology adoption and migration
1960

Clay
Owner share × Clay
Controls
Prefecture F.E.
R2
Adj. R2
Number of obs.

1965

Tillers

Pop. 15-19

Tillers

Pop. 15-19

(1)

(2)

(3)

(4)

−0.241
(0.096)∗∗
0.337
(0.119)∗∗∗
yes
yes
0.32
0.31
2480

0.091
(0.019)∗∗∗
−0.074
(0.021)∗∗∗
yes
yes
0.46
0.45
2436

−0.430
(0.155)∗∗∗
0.564
(0.187)∗∗∗
yes
yes
0.25
0.23
2467

0.065
(0.015)∗∗∗
−0.048
(0.017)∗∗∗
yes
yes
0.46
0.45
2480

Notes: Standard errors are clustered at the prefecture level. ∗ p < 0.1,∗∗ <
0.05,∗∗∗ < 0.01. Columns (1) and (2) use the data for 1960, while columns (3)
and (4) use the data for 1965. The dependent variable for columns (1) and
(3) uses the number of power tillers per farm household, while the dependent
variable for columns (2) and (4) uses the share of the population aged 15-19.
Clay is the share of land areas which consist of clay. I include prefecture fixed
effects and municipal controls: average land sizes and the total area of tenanted
land before the land reform (log).
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Table 2.13: GDP growth rate
Baseline
Scenario 1 (No reform)
Scenario 2 (τ = 0)

Simulation
8.9 %
8.3 %
8.9 %

Data
8.5 %
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.3

Agricultural GDP per employment
.4
.5
.6

.7

Figure 2.1: Agricultural productivity

1955

1960

1965

1970

Year
Above median

Below median

Notes: Agricultural productivity is calculated as dividing real agricultural GDP by
agricultural employment. I interpolate the agricultural employment because the
data are only available for every five years. All data are at the prefecture level.
Source: Statistical Yearbook of Ministry of Agriculture and Forestry.
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.1

Agricultural employment share
.2
.3
.4

.5

Figure 2.2: East Asian experience

1965

1970

1975

1980

Year
Japan

South Korea

Taiwan

(a) Agricultural employment share

13

Log agricultural capital stock per employment
14
15
16
17

Source: Timmer et al. (2014).

1965

1970

1975

1980

Year
Japan

South Korea

Taiwan

(b) Agricultural capital stock per agricultural employment (log)
Source: Larson et al. (2000), Timmer et al. (2014). Measured in USD (1990).
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Figure 2.3: Owner share by municipality before and after the land reform
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Figure 2.4: Owner share before the land reform
Owner Share in 1945
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Figure 2.5: Owner share after the land reform
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0

.1

Tillers per farm household
.2
.3

.4

Figure 2.6: Penetration of tillers, 1931-65

1930

1935

1940

1945

1950

1955

1960

1965

Year

Notes: I interpolate the number of tillers in 1932, 1934, 1936, 1938, 1940-41,
1943-46, 1948, 1952, and 1956-59, and the number of farm households in 1945, 1948,
and 1956-59. The tiller includes trailing type (ken-in gata) and automated type
(kudou gata).
Source: Kayou (1977).
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Figure 2.7: Change in farming methods

(a) Tilling by hand

(b) Tilling by machine
Notes: Both pictures were taken in 1956 near Hirosaki-shi, Aomori.
Source: Aomori Kyoudo Kan.
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Figure 2.8: Mass migration to big cities

Notes: Group of young people arrived from Aomori, greeting their new employer in
Tokyo (1959).
Source: Asahi Shinbun.
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Figure 2.10: Correlation - power tillers (above) and population 15-19 years old (below)
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Figure 2.11: Parallel trends
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(a) Power tillers per farm household
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Year
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Below median

(b) Population share 15-19 years old
Notes: Municipalities are divided into two groups based on the post-reform owner
share. The municipalities above median are regarded as a treated group, while those
below median are regarded as a control group.
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Figure 2.12: Coefficient plots of DID estimates
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(b) Population share 15-19 years old
Notes: The dependent variable of the top panel is the number of power tillers per
farm household. The dependent variable of the bottom panel is the population share
aged 15-19. Year fixed effects, prefecture-by-year fixed effects, and municipal
controls: average farmland sizes and the total area of tenanted land before the land
reform (log) are included.
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Notes: The solid line is the baseline, while the dashed line is the counterfactual case which assumes that there was no land reform.
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Figure 2.13: Simulation results
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Appendix
A.1

Proof of Proposition 2.1

Using the first-order conditions, one can derive the optimal input levels
in terms of exogenous variables:
Mtpi

 
 1 

wt
=
(N pi )1−φ
 γ  α(1 − γ)Apat at



−φ
φ−α

pi φ
− (1 − γ)(Nat
)

 1
 φ

, (2.10)



and
pi
Nat




 1




 −φ
 φ
1 
1
pi φ
pi 1−φ φ−α
− γ(Mt )
=
(Mt )
.

 1 − γ  αγ(1 − τ pi )Apat

(2.11)
Next, using (2.10), it can be shown that
d log Mtpi
dt

=

ga
gu φ − α
+
1−α 1−φ1−α

(1 − γ)

h

1−γ
1
γ (1−τ pi )Aut

γ + (1 − γ)

h

i

φ
1−φ

1−γ
1
γ (1−τ pi )Aut

i

φ
1−φ

,

(2.12)

where the second term is positive, and is decreasing with respect to Aut .
Thus, as t → ∞, the growth rate of Mtpi converges to

ga
1−α .

Similarly,

using (2.11), it can be shown that
pi
d log Nat

dt

=

ga − gu
gu φ − α
−
1−α
1−φ1−α

γ

h

γ
1−γ (1

(1 − γ) + γ

h

− τ pi )Aut

γ
1−γ (1

−

i

φ
1−φ

τ pi )A

i

φ
1−φ

.

ut

(2.13)

Thus, if gu > ga , agricultural labor decreases over time. For a suffipi
ciently large t, Nat
→ 0. Asymptotically, the farm therefore only uses

machines in production. This means that the growth rate of Yatpi will
only depend on the growth rate of the machine and that of urban TFP.
pi
The production function becomes Cobb-Douglas when Nat
→ 0, and the

growth rate will be equivalent to that of the machine. Formally, using
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the production function, one can derive
h

i

pi φ
pi
γ(Mtpi )φ + (1 − γ)(Nat
) ga − (1 − γ)Nat
gu
d log Yatpi
α
i
h
.
= ga +
dt
1−α
γ(M pi )φ + (1 − γ)(N pi )φ
t

at

(2.14)
We know that
to

ga
1−α ,

pi
Nat

→ 0 as t → ∞. Thus, the growth rate of

Yatpi

converges

which is the growth rate of the machine. Finally, due to the

labor market clearing condition, all workers are hired by the firms as
pi
t → ∞. Since the total population is constant, the growth rate of Yut

will converge to the growth rate of urban TFP, gu . Hence, all variables
asymptotically grow at constant rates.

A.2

Q.E.D.

Prefectural data

The origin-destination migration data have been taken from the Statistics Bureau’s Jyuumin Kihon Daichou Idou Houkoku. Sectoral GDP,
total GDP, and the GDP deflater have been taken from Cabinet Office’s
Kenmin Keizai Keisan. Prices are based on the 1980 value. Data on the
labor force have been taken from Fukao and Yue (2000). Agricultural
employment data have been taken from the Census of Agriculture and
Forestry. Finally, the number of power tillers has been taken from the
MAFF’s Nourinshou Toukei.

A.3

Calculation of initial TFPs

First, I use prefectural agricultural real GDP, agricultural machines, and
agricultural employment in 1955 to calculate initial agricultural TFPs
by
Apa0 =

p
Ya0

α

p φ φ
[γ(M0p )φ + (1 − γ)(Na0
) ]

.

(2.15)

Second, I use prefectural non-agricultural real GDP and non-agricultural
employment in 1955 to calculate initial non-agricultural TFP by
Apu0

p
Yu0
= p .
Nu0

(2.16)
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Finally, I take the average to get Au0 .

A.4

Figures
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Figure A.1: Capital stock in agriculture
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Source: Larson et al. (2000). Measured in USD (1990).
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Chapter 3
Loyalty and Treason: Theory and
Evidence from Japan’s Land
Reform†
I don’t think that since the Gracchi effort at land reform in
the days of the Roman Empire there has been anything quite
as successful of that nature.
- General Douglas MacArthur
The mortgage-stones that covered her, by me
Removed, – the land that was a slave is free.
- Solon (quoted by Plutarch)
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3.1

Introduction

Land reform has been one of the important redistributive policies in history which dates back to Solon’s Athens and Gracchi brothers’ Rome.
Even nowadays, policy makers in developing countries where a large
fraction of the population is still employed in agricultural sectors struggle to implement such policies. However, their endeavors have failed in
many cases. One of the reasons is that vested interests are reluctant
to implement the policies through which they may lose rents that they
have extracted from society. Thus, even if there might exist a land reform that improves the welfare of nations, its implementation has been
hindered or restricted by such people or organizations unless economic
needs, dissatisfaction among peasants, decolonization, or external forces
have altered their motivation at some point in history.1
Land reform is an important policy not only economically, but also
politically. This study emphasizes that the reform can be a powerful tool
for democratization if the existence of powerful landlords constitutes
a bottleneck for this. Naturally, a fundamental question is how such
a policy can be implemented in practice in the presence of politically
powerful opposing groups.
Landlords were local leaders and were both economically and politically influential in Japan after the Meiji Restoration. They were often
high taxpayers and were exclusive voters before the enfranchisement.
Not surprisingly, it had not been possible to implement a comprehensive land reform in Japan before World War II (henceforth, the War)
because landlords and conservative politicians supported by them were
often reluctant to implement such a policy.2
After the War, the occupation forces made the Japanese government
1

Examples are England, France, India, Japan, Mexico, the Philippines, South Korea, and Taiwan (Tuma 1965, de Janvry 1981, Hayami et al. 1990, Swinnen 2002, Dell
2012).
2
For example, reformist bureaucrats at the Ministry of Agriculture and Commerce
initiated by Tadaatsu Ishiguro attempted to improve tenants’ rights in the 1920s but
failed due to strong opposition from conservative politicians (Dore 1959, Teruoka
2008).
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conduct a nation-wide land reform which would otherwise have been impossible to implement at that point in time (Dore 1959). The land reform
redistributed a large area of farmlands to tenant farmers. The number
of tenant farmers decreased dramatically, while that of owner farmers
increased, during the land reform. After the reform, villages became a
small egalitarian society in which many farm households equally owned
small plots. This is in contrast to a pre-reform situation where landlords
mostly monopolized land. Due to the redistribution, the landlords lost
the main source of their power, or the land, and their political influence
was marginalized.
This paper investigates how the change in the social and economic
structure of small communities affects electoral outcomes in the presence
of clientelism. I first construct a model of land reform which endogenizes
agents’ voting behavior via occupational change, and derive predictions.
I then test the predictions by using a unique historical dataset of the land
reform, which I have collected and digitized myself.3 Using the Japanese
land reform as a natural experiment has several advantages because (a)
the reform was enforced by external forces, or the General Headquarters/Supreme Commander for the Allied Powers (GHQ/SCAP),4 (b) the
intensity of the reform was determined by the upper limits set by the
central bureaucracy, and (c) although it was a massive reform, it only
took a few years to complete.
I find that the vote share of conservative parties decreased in the
areas which were highly affected by the reform, and that the effect was
relatively persistent. In contrast, I find that the vote share of the communist party increased, although that of the socialist party, or the largest
left-wing party at the time, did not change at all. The paper shows
the supporting evidence that the effect was driven by the fact that the
3
To the author’s best knowledge, the data have not been used by any other researcher.
4
For example, this is in contrast to India, where land reforms have often been
implemented by the ruling party (Banerjee et al. 2002, Bardhan and Mookherjee
2010, Besley and Burgess 2000). The Japanese land reform is also different from
Machiavellian privatization (Biais and Perotti 2002).
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tenant farmers who had obtained land exited from the long-term tenancy contract and became independent landowners. In short, the reform
unlinked the clientelistic relationship between tenants and landlords. Finally, I also find that the turnout decreased in the highly affected areas
after the reform.
The finding that the conservative parties lost their political power
in the areas which were highly affected may be surprising to those who
believe that landowners are likely to be the main supporters of such
parties. Indeed, farmers have been the main supporters of the LiberalDemocratic Party (henceforth, LDP) in the postwar period in Japan.
The finding of the paper indicates that such a tendency, if anything, did
not appear at least for few years after the land reform. The existence of
clientelism before the reform may be a plausible reason for this.
The empirical literature which examines the effect of policies on the
termination of clientelistic voting is still limited. Exceptionally, a closely
related study, Baland and Robinson (2008), finds that, due to the introduction of the Australian ballot in 1958 in Chile, the right-wing bias
caused by pervasive patron-client relationships completely disappeared.5
They argue that the result has been driven by patrons losing the ability
to control their clients’ voting behavior, because the new ballot system
has yielded perfect secrecy in voting. This must work in theory, and
does so in Chile, but we often observe vote buying even under the secret
ballot in many cases.6 This sounds like a puzzle, but there may exist
various possible explanations.
First, patrons can still get the information about the voting behavior
of each individual from other community members and electoral brokers
under the secret ballot. In a recent study, Finan and Schechter (2012)
5
Related literature on clientelism and vote buying includes Fujiwara and
Wantchekon (2013) and Vicente (2014).
6
Examples are Argentina, Bulgaria, England, India, Italy, Mexico, the Philippines,
Senegal, Taiwan, Thailand, and the the United States (Schaffer 2002, Stokes 2005).
For example, “Political machines did not disappear in the United States after the
introduction of the Australian ballot in most U.S. states at the end of the nineteenth
century (Stokes 2005, p. 315).”
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find that middlemen who tend to be village leaders of Paraguay know
other members of the same village quite well. Exploiting better monitoring conditions may make it even easier for such middlemen to access
more precise information about voters (Larreguy et al. 2016). Moreover,
it may not be necessary to access the information about individual votes.
If the level of aggregation is very small, such as at the precinct level,
monitoring at the aggregate level may work similarly (Schaffer 2002).7
Regardless of the existence of monitoring devices, it may still be
possible to directly nudge voters to vote for a specific candidate if one
can instill a sense of personal obligations into the voters’ mind (Schaffer 2002). Social pressure could be another nudging device. In Japan,
community members may feel guilty about not complying with other
members of the same community for the virtue of the community. For
example, Hayami and Otsuka (1993) write:
In the small community in agrarian economies, social interaction among people is intense. Everyone is watching everyone. One party’s dishonest behavior tends to be detected by
neighbors in the community and conveyed quickly to another
party by word of mouth. In such a community, both parties
may be discouraged from behaving dishonestly given the severe cost of a loss of reputation in the event of discovery (p.
17).8
7

Interestingly, the introduction of the secret ballot in 1993 in Senegal has made
candidates switch from monitoring the individual turnout to monitoring the aggregate turnout (Schaffer 2002). If this is the case, a smaller precinct may attract more
corrupted voting behavior since it makes it easier for a patron to access aggregate,
although very much close to individual, voting behavior.
8
In the case of Japan, “villages make possible individual existence, and individuals,
each acting in a predictable manner, according to an age-old code, sustain the village.
Non-cooperation, or rather failure to contribute to community survival, is punished by
a withdrawal from the offender’s household of cooperation by the entire community.
This is ultimately equivalent to expulsion from the village (Hewes 1955, p. 15).”
“Moreover, he would not suffer alone. His whole family would feel the impact of
community disfavor. His wife in her daily relations with the women of the community,
his children at school and on the play-ground, would be helpless victims of a variety
of humiliations and deprivations. Thus the community would assert its supremacy
over the individual (Hewes 1955, p. 17).”
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This paper also relates to the literature which emphasizes property

rights as a precondition for economic development (North 1981, De Soto
2000, Engerman and Sokoloff 2003, Besley and Persson 2011).9 The
study also adds new evidence to a recent series of studies on institutions and economic growth (Barro 1997, Engerman and Sokoloff 1997,
Acemoglu et al. 2001, 2002, Acemoglu and Robinson 2000, 2006). Exploiting the variation at the local level, I can examine the impact of the
change of “local institutions” while holding “global institutions” such as
the electoral system constant. The paper shows that the democratization of villages and towns due to the land reform had a non-negligible
impact on electoral outcomes under the same electoral system.
Property rights, either formal or informal, and either secured by the
state or any non-state actors, can protect resources from expropriation,
provide enough collateral, and encourage investments and trade.10
In contrast, the research which examines the political impact of land
reform is very limited. A parallel work by de Janvry et al. (2014) is an
exception which finds that granting complete property rights induced a
shift towards a pro-market conservative party. Their study focuses on
land titling reforms in Mexico rather than land redistribution reforms,
which are the focus of this paper. Therefore, the hierarchical structure
based on the tenure system in rural societies is not the focus of their
analysis.11 Note that tenancy contracts are widely observed in many
countries (Hayami and Otsuka 1993, Conning and Robinson 2007). This
paper contributes to the literature by providing a new insight that redistribution policies such as land reform can have a political impact if these
9

For example, Engerman and Sokoloff (2003) write: “No economic development is
possible without secure property rights (p. 644).”
10
Empirical literature finds that the property rights affect agricultural investment
(Besley 1995, Banerjee et al. 2002, Jakoby et al. 2002, Banerjee and Iyer 2005, Goldstein and Udry 2008, Hornbeck 2010), access to credit (Besley et al. 2012), poverty
reduction (Besley and Burgess 2000), labor participation and migration (Field 2007,
de Janvry et al. 2015), formation of market-oriented beliefs (Di Tella et al. 2007), and
firms’ investment (Johnson et al. 2002). See Besley and Ghatak (2010) for a detailed
discussion about potential roles of the property rights.
11
This may explain why we find opposite results.
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policies change social norms or the hierarchical structure of society.
The rest of the paper is organized as follows. In the next section,
the land reform and politics during the occupation period, as well as
clientelism in Japan, are briefly described. In Section 3.3, a model of
land reform is constructed in which the initial wealth distribution and
bequests across generations determine each agent’s occupation, and occupational choice ultimately determines the vote share of each political
party. The model yields predictions, which will be empirically examined
in later sections. In Section 3.4, the data of the paper are described in detail. In Section 3.5, empirical strategies are discussed. The study uses two
empirical methods: a difference-in-differences estimation method and an
instrumental variables method. Section 3.6 shows the regression results.
Heterogeneous effects, as well as effects on turnout and the vote share of
other parties, are also examined in the same section. Alternative theories
are discussed in Section 3.7. Finally, Section 3.8 concludes.

3.2
3.2.1
3.2.1.1

Background
A brief history of land reform
Land reform as an occupation policy

Washington had been skeptical about the feasibility and desirability of
a land reform, but the situation changed when R. A. Fearey, an officer
in the State Department and a strong proponent of the reform who, in
conjunction with Wolf I. Ladejinsky at the Department of Agriculture,
wrote a report about desperate situations of Japanese tenant farmers,
came to Japan in October.12 He persuaded his boss, George Atcheson
Jr., to propose a memorandum to General Douglas MacArthur. The occupation forces considered that such a reform would be beneficial for the
12

Potential issues mentioned in the report included intensely overcrowded land,
high interest rates, debts, expensive fertilizers, exploitation by the middlemen, high
volatility of food prices, imports of cheap rice from Korea and Taiwan, and the government’s industry policy in favor of commerce and manufacturing (Dore 1960).
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purpose of democratization and demilitarization of the country. For example, as a land reform specialist who engaged in the program, Laurence
I. Hewes (1955) writes in a relatively strong tone:
It became daily more certain that a complete reorganization
of the agrarian economy was essential to any national program of democratization. The controls to which the peasants
had been so long accustomed represented the very antithesis of the political principles which the Occupation aimed to
establish. So a reform of rural life was indispensable to sweeping away the structure of military rule which had made the
Japanese nation of obedient puppets. As long as agrarian
Japan remained in thralldom, it would constitute a lever
susceptible of domination by undemocratic leaders to coerce all other segments of society. It was also clear that a
key factor in the agrarian structure was the tenure system
which subjugated toiling tenants to the will of the landlords.
These nonproducers could enforce the feudal code of inequality through their grip on the vital element of land. Control
of land equaled control of the peasants (pp. 48-49).
At the same time, initiated by Agricultural Minister Kenzo Matsumura,
a group of bureaucrats in the Ministry of Agriculture and Forestry in
Tokyo was separately preparing a draft bill of the land reform. With a
few amendments, which were intended to reflect the landlords’ interests,
the bill was finally proposed to the Cabinet on November 16th and to
the Diet on December 4th. However, the bill was nearly dropped because
the conservatives had little love for it (Dore 1959).13 Occasionally, an
instruction note was sent from the occupation forces to the Japanese
13

“Now, although the Shidehara government contained no war criminals, it did
contain - both in the cabinet and the Diet - many individuals with close ties to land.
In most instances these persons were closely allied with the landlord interest. These
political leaders must have recognized that no reform to the land system could take
place without greatly affecting the landlords (Hewes 1955, p. 52).”
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authority. SCAPIN-41114 also known as “MacArthur’s Peasant Liberalization Directive”15 clearly states:
In order [...] [to] remove economic obstacles to the revival and
strengthening of democratic tendencies, establish respect for
the dignity of men, and destroy the economic bondage which
has enslaved the Japanese farmer to centuries of feudal oppression, the Japanese Imperial Government is directed to
take measures to insure that those who till the soil of Japan
shall have a more equal opportunity to enjoy the fruits of
their labor. [...] The purpose of this order is to exterminate
those pernicious ills which have long blighted the agrarian
structure of a land where almost half the population is engaged in husbandry.
The Note changed the atmosphere in the Diet, and the bill with few
amendments was finally passed on December 28th. However, the GHQ
was not satisfied with the contents of the law and therefore, the first
step of the reform, i.e. the election of land committee members, was
postponed indefinitely.16
In April in the following year, a Russian delegate, General Kuzma
Derevyanko, brought up the topic of the land reform in the fifth Allied Council.17 Russia’s proposal included radical guidelines such as the
confiscation of the entire land of absentee landlords. The compensation
would be halved or even nothing for the purchase of the land above
thresholds, according to the guidelines. In the sixth meeting, a Commonwealth representative, Dr. MacMahon Ball, in conjunction with his
14

Supreme Command for Allied Powers Instruction Notes. They are ‘instruction
notes’ from GHQ/SCAP to the Japanese government. In total, there were 2,204
SCAPINs and another administrative version called SCAPIN-As. Famous SCAPINs
include SCAPIN-178 about educational reforms, SCAPIN-244 about the dissolution
of zaibatsu, and SCAPIN-550 about the purge of politicians. The list of SCAPINs is
accessible at http://rnavi.ndl.go.jp/kensei/tmp/SCA_1.pdf.
15
Kajii (1998).
16
The GHQ was especially unsatisfied with generous upper limits on tenanted land,
which would decrease the number of affected landlords (Dore 1959).
17
Ohwada (1981) describes discussions in the councils in detail.
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economic advisor, Eric E. Ward, gave different proposals, and their proposals with few amendments were finally approved.18
The recommendations of the Allied Council by and large fitted the
lines along which the GHQ/SCAP authorities and the Ministry of Agriculture and Forestry in Japan were working, and were accepted “as
the basis on which [the GHQ/SCAP] eventually worked out with the
Japanese Ministry of Agriculture a plan of which they could approve
(Dore 1959, p. 137).” The plan was sent from the GHQ to the government as a private memorandum at the end of June, and the Japanese
Cabinet meekly gave its approval about one month later. Elections of
agricultural land committee members were held after the enactment of
laws in October. The reform finally started a few months later.
3.2.1.2

Land reform

A historically large-scale land reform occurred between 1947 and 1950.
It involved a change in property rights of about 6 million households
in total (Dore 1959), and about 1.93 million ha of farmlands were redistributed from landlords to tenants (MAF 1956).19 Accordingly, the
share of tenanted land dramatically decreased from 45.9 percent to 9.9
percent during the reform (MAF 1956). Many tenant farmers became
owners of the land that they had cultivated. Figure 3.1 shows the change
in the composition of two types of farmers. The number of tenant farm
households dramatically decreased from 2.57 million (43.5 percent) to
18
Dr. Ball himself was also an advocate of the reform: “The emancipation of the
peasant must be the first and most important step in any programme for the economic
and spiritual emancipation of the Japanese people. Nearly half of the Japanese people
live in farm households. Their importance does not only lie in these numbers, but in
the fact that they represent what is most backward in Japanese society. Much more
than any other class they show the spirit and habits of feudalism. No democracy can
be built on a foundation of agricultural feudalism (cited in Hewes 1955, p. 47).” The
United States held the presidency of the meeting and did not have the right to give
a proposal. There was a dissonance between American-Commonwealth delegates and
Russian delegates in terms of occupation policies. For example, Russia announced
some reservations to the proposals.
19
There were about 6 million ha of cultivated areas and 6 million farm households
in 1947 (Kayou 1977).
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0.72 million (11.8 percent). The change was rather quick - it only took a
few years. The symmetric movement of lines also indicates that tenant
farmers immediately became owner farmers.
Farmlands were purchased on behalf of prefectural governors. Prices
were determined by multiplying fixed rental prices in 1945 by one of the
multipliers depending on the type of farmland.20 In addition, there was
a compensation of about 220 yen per tan of paddy fields (ta) (130 yen
for dry fields (hatake)) for about 3 cho (12 cho in Hokkaido) of purchase
at the maximum.21 On average, the government paid about 980 yen to
a landlord to buy one tan of paddy fields, and paid about 580 yen to
buy one tan of dry fields.22 The landlords were paid either in cash or in
government bonds redeemable within thirty years at an annual interest
of 3.6 percent.
As the next step, the ownership right of a specific farmland was
transferred to a tenant farmer who had cultivated that land.23 Tenants
paid the same price as the landlords’ selling price to buy the land from
the government, and it was paid either in cash or spread over thirty
years at the annual interest of 3.2 percent. Due to the postwar inflation
until the end of 1940s, most tenants completed their payments within a
year or two of purchase (Dore 1959).24 It is not surprising that landlords
20

The multiplier was 40 for paddy fields and 48 for dry fields. Since the rental prices
were somewhat less than 20 yen for paddy fields and 10 yen for dry fields on average,
the price per tan was approximately 760 yen for paddy fields and 450 yen for dry
fields.
21
One tan is approximately ten are. One cho is approximately one hectare, or ten
tan.
22
If a landlord had to sell 3 cho of his tenanted land, for example, he would be paid
less than 30,000 yen. The annual salary of a worker in a firm with 30 or more employees
was about 100,000 yen in 1950. The latter value was taken from the National Tax
Agency’s Statistical Survey of Actual Status for Salary in the Private Sector (Minkan
Kyuuyo Jittai Toukei).
23
This two-stage land transfer operation avoided a direct conflict between landlords
and tenants (Hewes 1955).
24
For example, the value of goods equivalent to 30,000 yen in 1947 would be about
52,000 in 1948 (at the inflation rate of 73.2 percent), and finally about 65,000 in
1949 (25.3 percent). The price data are taken from Statistics Japan’s Annual Report
on the consumer price index (Syouhisya Bukka Sisuu Nenpou). Note that the CPI is
based on the prices in Tokyo, excluding imputed rent, and the average price between
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in some districts were active in opposing the reform and several landlord associations were formed. However, these were dissolved in 1948,
when another note from General MacAurthur was sent to the Japanese
authority to prevent organized obstruction (Dore 1958).
In October 1949, MacArthur sent a letter to Yoshida which concerned
possibilities that landlords would reclaim their land, which would spoil
all the effort exerted for the reform.25 He hinted that laws to prevent
this would be enacted. Finally, the Agricultural Land Act (Nouchi Hou)
was enacted in 1952, which perpetuated land allocation by regulating
the transaction of lands. Needless to say, landlords were opposed to the
law, but they no longer had the political power to prevent it. After the
enactment of the law, former tenant farmers who became owner farmers
during the reform did no longer face any threat of landlords reclaiming
the lands that they had owned before the reform.

3.2.2
3.2.2.1

Postwar politics and GHQ
Electoral system and political parties in postwar Japan

Japan applied a single non-transferable votes system (Chuu Senkyoku)
for the House of Representatives in the period 1925-93 except for 1946.
The number of electoral districts in a prefecture has mostly stretched
from one to seven.26 There were about hundred electoral districts and
each of them had three, four, or five seats with almost equal proportions.
Japanese political parties in the postwar period were often divided
into two major blocks: conservatives (Liberal Democratic Party (henceforth, LDP) and small conservative parties)27 and radicals (Japan So1934-36 is set as the baseline.
25
Dore (1958) writes: “Many Western observers during the Occupation, suspicious
of the apparent smoothness with which the reform was carried out, predicted that as
soon as the Occupation troops were gone, “the landlords would soon be back.” They
have been proved wrong. The only post-Occupation legislation bearing on the land
system has been the Agricultural Land Law of 1952 [...] which had the express purpose
of freezing the Japanese system of land tenure in the state in which it emerged from
the land reform (p. 185).”
26
A prefecture contains municipalities. An electoral district is a set of municipalities.
27
Before the merger, it was the Liberal Party (henceforth, LP) and the Democratic
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cialist Party (henceforth, JSP), Japan Communist Party (henceforth,
JCP) and small reformist parties),28 and the other parties. These other
parties often included one-man parties called Syoha, independents or
Musyozoku, and center parties such as Kokumin Kyoudou Tou (henceforth, KKT) and Koumei Tou. The LDP has been in power in most of
the postwar period, in particular between 1955 and 1993, which is known
as the “1955 system (55-nen Taisei).” During this period, the conservatives obtained about two thirds of the votes, while the radicals obtained
about one third.
3.2.2.2

GS vs. G2

Japanese politics during the occupation period was affected by a wellknown dissonance in the GHQ. Courtney Whitney’s Government Section (henceforth, GS) was in rivalry with Charles Willoughby’s General
Staff Section 2 (henceforth, G2) over occupation policies. GS consisted
of New Dealers such as Charles Kades and American academic scholars
of Japan Studies. Their focus was democratization, and their policies often supported a big government and unions. They preferred preserving a
coalition among JSP (left), DP (right) and KKT (center), and supported
the socialist Katayama Cabinet and the democrat Ashida Cabinet. In
contrast, G2 focused on eradicating the fear of communism both internally and externally. Willoughby and his G2 regarded GS with hostility,
and the liberal Yoshida Cabinet in contrast to the Katayama and Ashida
Cabinet was rather on the G2’s side.29 G2’s tasks included sending spies
and controlling Japanese media through censorship under SCAPIN-33.
Party (henceforth, DP).
28
The distinction may also be interpreted as capitalists vs. socialists. It was argued
in public whether Japan should adopt capitalism or socialism in the early postwar
period (Ishikawa and Yamaguchi 2011). In the paper, “conservatives” and “right-wing
parties,” as well as “radicals” and “left-wing parties,” are used interchangeably.
29
Yoshida himself had a strong sense of anti-communism.
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3.2.2.3

Between the 1947 and 1952 elections

There were several elections in 1947.30 These were the first elections after
the establishment of the new Constitution in which the Diet became the
highest organ of the state power.31 The Japan Socialist Party won the
national election by obtaining 143 seats out of 466, and the Katayama
Cabinet was formed.32 Although it was not a landslide win, a possible
reason for JSP’s victory was that the voters were tired of high inflation
and the slow economic recovery under the Yoshida Cabinet (Shinobu
1967).
However, after the election, due to internal conflicts partly caused by
the dismissal of the Minister of Agriculture Rikizou Hirano and by the
disagreement among the coalition parties over policies, Katayama and
his Cabinet resigned in 1948.33 A public-opinion poll conducted with 500
people in Tokyo by Mainichi Shinbun right after the resignation showed
that JSP had already lost its public credit. In the poll, the majority
believed that the next Prime Minister (henceforth, PM) would be an
LP party member (55.4 percent) (Shinobu 1967). Despite this belief,
the leader of the Democratic Party Hitoshi Ashida became the new PM
in March 1948. He was supported by GS and Zaikai (the business circle).
However, he also had to resign in October because of a scandal called
Shouwa Denkou Gigoku - a fertilizer company Shouwa Denkou bribed
politicians to fundraise from the Reconstruction Finance Cash Office.34
Since Yoshida was in favor of G2, GS recommended Takeshi Yamazaki
30
There were elections of prefectural governors and municipality heads, of the House
of Representatives and Councilors, and of local parliaments.
31
In contrast, the Imperial Diet was organized by the Emperor, but not by the
Japanese nationals, according to the Meiji constitution.
32
The results of other parties were LP 131, DP 124, KKT 31, Japan Agrarian
Party (henceforth, JAP) 4, JCP 4, Syoha 17, and Musyozoku 12 seats (Ishikawa and
Yamaguchi 2011).
33
Although Hirano was a member of JSP, he often contacted Yoshida and G2. GS’s
Kadis visited Katayama on October 25th, and suggested that he dismiss Hirano,
which actually happened on November 4th. He was purged a few months after the
dismissal (Shinobu 1967).
34
The conflict between GS and G2 described above was crucially related to this
scandal (Ishikawa and Yamaguchi 2011).
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to be the new PM. Their tactics failed in the end because Yamazaki
refused, probably due to noticing GS’s intention. Yoshida was finally
elected in the Diet in October. A few months later, there was another
election, where the result was a landslide win for Yoshida’s party. In
contrast, JSP, DP, and KKT lost many votes in the election.35
On the 28th of April 1952, Japan finally became independent.36 In
August, Yoshida all of a sudden declared the dissolution of the House of
Representatives in order to have an election before the Hatoyama faction
would be able to prepare for it. The first election after the independence
was held in October. The Liberals won, but only marginally preserved
the majority in the Diet.37 Although this election had the largest turnout
of conservative supporters in the postwar period (Tanaka 2005, Ishikawa
and Yamaguchi 2011), the liberals lost 45 seats in this election, while
the Democrats and the Socialists almost recovered the seats that they
had lost in 1949.

3.2.3

Landed class and clientelism

Like Western Europe, feudalism had been a dominant structure in Japan
until the Meiji Restoration (Umesao 1957, Wittfogel 1957, Reischauer
1965). During the Tokugawa period (1603-1867), the land belonged to
feudal domains (han), which were governed by feudal lords (daimyou).
Every hamlet or individual had an obligation to pay a certain amount of
tax in kind (nengu), especially in rice, to the feudal lord. Hamlets were
autonomous, and consisted of a mass of farmers (hyakusyou) without
strong hierarchical structures (Saito 1989).38 The mass of farmers had
gradually been decomposed into those who lease the land, and those who
rent it, and tenure-based relationships had gradually emerged by the end
35

They obtained 48 (143), 69 (124), and 14 (31) seats, respectively (the numbers
in parentheses are seats in the 1947 election).
36
It took six years, seven months and twenty six days after the Potsdam Declaration.
37
A focused issue in the election was rearmament. The numbers of seats were LP
240, Kaishin 85, JSP 111, Kyoudou 2, JCP 0, Rono 4, Saiken 1, Syoha 4, and Musyozoku 19 (Ishikawa and Yamaguchi 2011), and the threshold was 234 seats.
38
Takigawa and Saito (1968) called such an autonomous hamlet jichi sonraku.
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of the Tokugawa period (Teruoka 2008). There was a co-existence of land
ownership by feudal lords (ryousyu teki tochi syoyuu) and by moneylenders or landlords (noumin teki tochi syoyuu), although the former were
still dominant during that period (Furushima 1958).
Due to the Meiji Restoration, the former ownership was abolished,
and the latter was highlighted.39 Therefore, for example, when there was
a dramatic drop in the price of agricultural products in the 1880s due
to Finance Minister Matsukata Masayoshi’s monetary policy, there was
an increase in the accumulation of land to landlords because the land
was often used as collateral (Kawagoe 1993).40
The process might have strengthened the political power of landlords.
For example, Agricultural Associations (Noukai) were founded across
the country in the late nineteenth century. Their central organization,
the Imperial Agricultural Association (Teikoku Noukai), was founded in
1910, and had a substantial influence on national politics. In addition,
only rich males including the landlords could vote in national elections
39

Thus, Japanese landlords were not ex-feudal lords in contrast to England and
Prussia. Rather, it was mostly merchants and informal money lenders that became
landlords (Furushima 1952, Saito 1989, Teruoka 2008). The system is often called
semi-feudalism by Marxian historians. Japanese landlords, especially those who cultivated the land, were relatively small compared to, for example, those in Latin America. Many of them lent less than one hectare before the land reform, and cultivated
the rest themselves.
40
Interestingly, such a process was already observed in ancient Greece. Tuma (1965)
writes: “The predicament in which the small peasant found himself led him into
borrowing from richer landlords or merchants. The peasant needed the loan and
the man with means welcomed the opportunity to invest his otherwise idle money.
However, when the time of repayment came, the relationship between creditor and
debtor ceased to be harmonious. To borrow, the farmer had to put up some sort of
security which, in this case, was either his land or person. Since land was presumably
inalienable, he offered the right of usufruct as security and gave the land to the creditor
as “sale with the option of redemption.” If he [(the small peasant)] failed to repay the
loan on time, he forfeited his usufruct rights to the land. As he needed land to earn
a living, and the creditor needed workers to make use of his newly-acquired usufruct
rights, and since the land could not be formally alienated, the debtor continued work
on it as Hektemor and his land was marked by Horoi or mortgage stones. [...] The
dependence of the debtors on the creditors who held their land led them gradually
into virtual serfdom (p. 22).” Although Solon’s reform was intended to calm peasants’
possible upsurge in ancient Greece, Japan had to wait for such a reform until the
post-war period, and was enforced by the external forces.
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until 1928, when suffrage was extended to all males aged over 25.
There existed a hierarchical structure in Japanese society after the
Meiji Restoration. The Ministry of Home Affairs and national politicians
were at the top of the hierarchy, and prefectural governors, who were appointed by the Minister of Home Affairs came in the next layer. Finally,
municipalities were placed under prefectural authoritarian power (Ulmer 1957). The landlord-tenant relationship supported such hierarchy,
and politicians could take advantage of the local hierarchy. For example,
sociologist Tadashi Fukutake (1972) writes:
He [(the average farmer)] simply voted for the candidate supported by the landlord with whom he had the closest connections. As for the parliamentary politicians, they had no
need to make any direct appeal to the farmers as such; it was
enough for their election if they could mobilize the support
of landlords (p. 190).
The land reform after the War basically dismantled the landlordtenant relationship by redistributing landlords’ power to tenants.41 The
landlords’ power was considerably weakened in the countryside (Shinobu
1967, Kawagoe 1999). The change was reflected in the tenants’ voting
behavior:
[Former tenant farmers] ceased to be mere voting machines
manipulated by the landlords, for tenancy relationships no
longer gave the landlords the influence wherewith to direct
their tenants’ votes. [...] At least they no longer voted for
any man just because he was backed by their landlord; they
needed to be persuaded that there were advantages to be
gained for their locality (Fukutake 1972, p. 191).
41

Some authors argue that the process of weakening landlords’ power had already
been underway before World War II (Dore 1958, Waswo 1977, Calder 1988). Calder
(1988) writes: “While gradual change in the political economy of the Japanese countryside had been underway for several years, the land reform [...] sharply accelerated
this process, giving millions of farmers an autonomy from the the prevailing local
conservative power structure they had never previously enjoyed.” In this sense, the
reform delivered the coup de grace to the landed class.
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Similarly, Dore (1958) writes:
[T]he days are gone when landlords could effectively rally
the votes of obedient dependent tenants behind conservative
politicians whatever the policies they proposed (p. 187).
Rural sociologists also find similar stories across villages in Japan (Tsukishima 1954, Ohtani 1956, Yamaoka 1959, Fukutake 1961).42
Thus, the land reform did not only redistribute the land, but also
the power, from landlords to tenant farmers. After the reform, former
tenant farmers who became owner farmers did no longer face threats
or punishment by landlords by not obeying them, which might enable
them to make more pragmatic political decisions.

3.3

Theoretical framework

This section constructs a simple model of land reform. The baseline
model is an extension of Banerjee and Newman (henceforth, BN) (1993)
in which individuals change their occupations by accumulating wealth
through investment and bequest. Taking this “law of motion” as given,
the following model encompasses the voting behavior of agents, which is
determined by their occupations in steady state.43 Although the section
focuses on discussing political implications of the model, Section A.1 of
the Appendix discusses economic implications of the model with respect
to production and equality.

3.3.1

Preferences

There exists a large finite number of agents with different wealth ω,
approximated by a continuum of the population. The distribution of the
42

These studies find that former tenant farmers realized that they were more equal
to other members and started to express their opinions. Moreover, former tenant
farmers tended to take important political positions in their community.
43
The intuition of the model may be similar to that of Austen-Smith’s model (2000).
In his model, the tax rate, which is the outcome of a legislative bargaining, endogenously determines the composition of the occupation. In contrast, in my model, occupations are determined through investment and bequest, or pure economic activities.
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population in each period is described by a function Gt (·). Thus, Gt (ω)
measures the individuals whose wealth is less than ω.
At the beginning of life, agents receive ω as an initial endowment
from their parents. They were born to have one unit of labor, the effort
they exert, a political preference, and one vote. I assume that the effort
level is unobservable unless using a monitoring technology which is assumed to be costly. This cost imposes a limit on the number of workers
that each landlord can hire.44 In every period, a fraction of the population randomly becomes matured, and the age of maturity is distributed
exponentially with λ, which is independent from wealth. The total population is stationary and is normalized to one. Therefore, in each period
dt, a measure λGt (ω)dt of agents is active, and the wealth distribution
of the active agents is identical to that of the entire population. I set
λ = 1. I assume that borrowing, investment, repayment, consumption,
and bequest take place in order but instantly. An agent’s preference is
given by cγ b1−γ − z, where c is consumption, b a bequest to his offspring,
and z the amount of labor supplies. Let y be the income measured by
consumption, then agents’ payoff may become δy−z, where δ = γ(1−γ).
In other words, agents consume a fraction γ of the income, and bequest
the rest to their offspring.45
Agents may invest in one of three projects.46 First, every agent invests in divisible safe assets, which require no input and yield a gross
return ρ < (1 − γ)−1 .47 I call the agents who only invest in this project
idles. Second, some agents can also invest in an indivisible risky project
by using K units of capital, L̂ plots of land, and one unit of labor.48 The
44

Hayami and Otsuka (1993) also mention the existence of such costs. This kind of
cost may be one of crucial determinants of farm sizes apart from other determinants
such as types of crops and marginal products. The difference in farm sizes between
those in Latin America and the Philippines, and those in Asia may also be explained
by other factors such as colonial history.
45
Moreover, I assume that labor is supplied inelastically (see Ahlin and Jiang 2008).
46
The technology structure is more similar to Ahlin and Jiang (henceforth, AJ)
(2008) than to BN’s original model.
47
By assuming a small open economy, this ρ − 1 can be interpreted as an international interest rate. Such an interpretation is also made by BN and by AJ.
48
Therefore, the agents with ω < K have to borrow in the credit market. The
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project will independently yield rs K with probability p, and rf K with
probability 1 − p, where rs > rf > 0 and the mean is r̄. This project is
regarded as farming, and the agents who invest in this project are called
peasants. The outcome of the project is observable to everyone.
Each landlord invests in a project which requires nK units of capital, n workers, L̂0 plots of land, which independently yields an outcome
rs0 (nK) with probability p0 , and rf0 (nK) with probability 1 − p0 , where
r0 > r0 > 0 and the mean r¯0 > r̄.49 Workers are hired at a competis

f

tive wage v, and their production process is monitored by the owner of
the farm factory, i.e. the landlord. The monitoring requires one unit of
labor.50 I call these workers agricultural workers.
Suppose that there exists a non-profit organization, which is independent of the population, holds a sufficiently large amount of land, and
gives land rights to peasants and landlords. Let L̄0 and L̄ be the amount
of land that the rights allow for a landlord and a peasant to use, respectively. I assume that L̄0 ≥ L̂0 and L̄ ≤ L̂, so that some peasants rent
land from the landlord. Let L be the amount that the peasant rents, and
i be land rents.
To sum up, there are idles, and three different other types in the
population: (1) agricultural workers, (2) peasants, and (3) landlords.
Their payoffs are written by
δ(ρω),
δ(ρω + v) − 1,

(3.1)

δ(ρω + (r̄ − r)K − iL) − 1,
δ(ρω + (r¯0 − r0 )nK + n0 (iL) − nv) − 1,
respectively, where n0 is the number of peasants to which a landlord
details will be described soon.
49
This higher average return can be interpreted as a scale effect of farming. I assume
that, at the lowest possible wage, running a farm factory is more profitable than
becoming a peasant: n[(r¯0 − r)K − v] + n0 (iL) ≥ max{(r̄ − r)K − iL, n[(rf0 − r)K −
v] + n0 (iL)}.
50
I assume that the monitoring activity is indivisible.
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rents out its land, and r and r0 are the interest rates.

3.3.2
3.3.2.1

Markets
Credit market

Suppose that there exists a moneylender, which is independent of the
population. Investing in a risky project always requires K units of capital
for peasants. Therefore, those who only have ω < K may take loans from
the lender. The lender issues loans by taking the wealth as collateral. I
thus assume imperfect enforcement. Under this assumption, borrowers
are always able to run away without repaying the loans. I assume that
borrowers make this decision before the transaction of the rent. The
lender imposes a nonmonetary punishment F if it catches the defaulter
with probability q. Therefore, it requires the constraint r(K − ω) + iL −
qF ≤ 0, or ω ≥ ω ∗ := K + ρ−1 (iL − qF ) for peasants, and ω ≥ ω ∗∗ :=
nK − ρ−1 (qF ) for landlords.51 I set the parameters so that ω ∗∗ > ω ∗ >
0. Individuals with ω < ω ∗ become agricultural workers or idles, with
ω ∗ ≤ ω < ω ∗∗ peasants, and with ω ∗∗ ≤ ω landlords or peasants. I define
measures of each group as Ptw = Gt (ω ∗ ), Ptp = Gt (ω ∗∗ ) − Gt (ω ∗ ), and
Ptl = 1 − Gt (ω ∗∗ ), respectively.
3.3.2.2

Labor market

The equilibrium wage is determined by demand and supply of labor in
the labor market. I assume that the wage neither exceeds a maximum
value v := n−1 {[n(r¯0 −r0 )−(r̄−r)]K+(n0 +1)iL}, nor is below a minimum
value v := δ −1 .52 Since it is only landlords that demand labor, the labor
51

Note that this also serves as an incentive constraint of peasants from the view
point of landlords.
52
The maximum wage ensures that there exists some labor demand, and the minimum wage ensures that there exists some labor supply.
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demand correspondence can be written by
0

if v > v

[0, nPtl ]
nPtl

if v = v

(3.2)

if v < v.

Before considering the labor supply correspondence, let us define ṽ :=
(r̄ − r)K − iL, which is a reservation wage of the peasant. If i is sufficiently small, then ṽ > v.53 Thus, we have a BN type of labor supply
correspondence:
0

if v < v

[0, Ptw ]
Ptw
[Ptw , 1]

if v = v
if v < v < ṽ,

1

if v > ṽ.

(3.3)

if v = ṽ,

If there is an excess supply of labor, Ptw > nPtl , the equilibrium wage
will be v, while if there is an excess demand of labor, Ptw < nPtl , the
equilibrium wage will be v. If the market clears, the equilibrium wage
will be in [v, v]. As in BN, we restrict our attention to two extreme cases,
v = v and v = v, for the rest of the paper.

3.3.3

Dynamics

As derived earlier, agents pass a fraction of their income to the next
generation: (i) bt = (1 − γ)ρωt for idles, (ii) bt = (1 − γ)(ρωt + v) for
agricultural workers, (iii) bt = (1 − γ)(ρωt + (r̄ − r)K − iL) for peasants,
and (iv) bt = (1 − γ)(ρωt + (r¯0 − r0 )nK + n0 (iL) − nv) for landlords.
Although the process is non-stationary, we can, in principle, derive the
deterministic change of the wealth distribution over time, given an initial
¯0

0

r −r )
This happens when i < ī := (n+1)(r̄−r)−n(
. In contrast, if i is relatively
n+n0 +1
large, while still satisfying the constraint, then ṽ < v. In this case, the AJ type of
labor supply correspondence applies. I focus on the BN type, although the AJ type
yields the same results as this paper.
53
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wealth distribution. We restrict our attention to cases which exhibit
the BN-Markov property. Thus, the evolution of occupations is fully
described by the two-dimensional simplex Pt = (Ptw , Ptl ).
Figure 3.2 shows a dynamics under some parameters. The dynamics
when v = v is shown in (a) and when v = v is shown in (b). The dynamics
can be written as the following system of differential equations:
P˙w =

(

0

if v = v

(n−1 (1

−

p0 )

−

1)P w

if v = v

(3.4)

and
P˙ l =

(

p − pP w − (1 + p − p0 )P l

if v = v

p − (p + n−1 p − n−1 p0 )P w − P l if v = v.

(3.5)

To derive the expressions for v = v, I use the assumption that when
ω ∗∗ ≤ ω, a proportion

Ptw
nPtl

of agents who can find agricultural workers

become landlords, and the rest become peasants. Three regions from
the left to the right in each figure correspond to agricultural workers,
peasants, and landlords, respectively, in the current period. In contrast,
three regions from the bottom to the top correspond to the same order of
occupations in the next period. Thus, in (a), agricultural workers remain
as agricultural workers forever, while peasants can potentially move up
the ladder, becoming landlords. There is also a risk that landlords step
down to become peasants in the next period.
The phase diagram for the system of equations (3.4) and (3.5) is
shown in Panel (a) of Figure 3.3. The upper-triangle region is the area
where the equilibrium wage takes v, and the lower-triangle region is the
area where the equilibrium wage takes v. I assume that the economy is
initially located at A.

3.3.4

Effects of land reform

Suppose that there exist three political parties, say a right-wing, a center,
and a left-wing party, and the election takes place at the end of each
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period.54 I assume that there is no cost for voting and that landlords
unanimously support the right-wing party. They can control the voting
behavior of agricultural workers through the labor contract and that
of peasants through the tenancy contract.55 If peasants have different
political preferences than their actual choices, land reform may change
the vote share of the right-wing party because it basically makes peasants
less tied to landlords.
Let us explain this formally using the model developed above. Let us
assume that p = 0 and p0 = 1. This means that peasants no longer graduate into landlords, while landlords will never fail. Now suppose that
there are two equivalent economies, but one of them experiences land
reform at the very beginning. The effect of the reform is captured by the
reduction of L in the credit constraint defined above. This reduces the
0

minimum wealth required to become a peasant from ω ∗ to ω ∗ , which
increases the number of peasants at the expense of idles, and peasants
behave like owner farmers because they have more land in hand. In contrast, the number of agricultural workers and landlords does not change.
The “treated” economy starts from A0 , compared to the “control” economy, which starts from A, and remains there over time. To sum up, the
model yields the following prediction in terms of electoral outcomes:
Prediction 3.1: Land reform may decrease the vote share of the rightwing party.
Note that the effect, if anything, comes from two sources: (i) peasants
are less tied to the tenancy contract (an intensive margin), and (ii) more
idles become (less-tied) peasants (an extensive margin) if the idles are
supporters of the right-wing party. In contrast, the labor contract between landlords and agricultural workers remains constant between two
economies. If, for example, idles and non-tied peasants (or owner farmers) have the same political preference, then the effect only comes from
54

Once again, this should happen instantly.
The former case is analyzed in Baland and Robinson (2008) in the sense that
their model assumes a labor contract.
55
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(i) because the change in the composition of the population does not
change the vote share in that case. Since the land reform in Japan redistributed land to those who already rented the land, rather than letting
more idles do the farming, the effect, if anything, is more likely to be
explained by the intensive margin rather than the extensive margin.
In contrast, the increase in the vote share of non-right wing parties
must reflect the true preference of owner farmers:
Prediction 3.2: Land reform may increase the vote share of non-right
wing parties which owner farmers genuinely prefer.
Note that the model does not exclude the possibility that none of the
parties’ vote share changes if both owner farmers and idles prefer the
right-wing party. Thus, this is left as an empirical question.
The predictions will be tested using the data on the land reform
in Japan. The next section describes the data used in the regression
analysis.

3.4

Data

The data of elections have been taken from Syuugiin Giin Sousenkyo
Ichiran (1946-93). I have defined liberal and democratic parties as a
right-wing party, and socialist and communist parties as a left-wing
party.
To construct the land reform data, I have used historical documents,
prefectural censuses, and agricultural censuses. All data have been digitized by the author by hand. The share of tenant farmers has mostly
been taken from the prefectural censuses. In addition, I have used the
agricultural census for 1950, and Nouchi Kaikaku Tenmatsu Gaiyou for
1947 and 1949 as supplements (NKI 1951). Since some prefectures restarted publishing the prefectural censuses a few years after the end of
the War for some reasons, I had to exclude those which did not have
data on tenants in 1947.56 Next, I have used historical documents of the
56

Those excluded prefectures are Ibaraki, Tokyo, Ishikawa, Kyoto, Hyogo, Hi-
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land reform to construct a tenanted land variable for 1945 and 1950. The
instrument has been taken from MAF (1949). Variables related to customs of tenancy (kosaku kankou), such as locations of different tenancy
contracts, have been taken from Nouchi Seido Shiryou Shuusei.
Demographic data have been taken from prefectural and national
censuses. To calculate historical average snow days and the average
of annual total hours of sunlight, I have used the data taken from
the Japan Meteorological Agency’s website.57 The starting year differs
across weather stations, and the oldest one dates back to the late 19th
century. I have assigned data on the nearest weather station to each
electoral district.58
The unit of observation is the electoral district. An electoral district
is a subset of the prefecture, and it contains several municipalities. I
exclude a district when it is split into multiple districts and therefore,
districts in the data are consistent over time.
Figure 3.4 is a graphical representation of the intensity of the land
reform. Electoral districts with bluish colors received larger shocks than
the districts with yellowish colors. Although the cross-sectional variation
of shocks seems to be spatially scattered, one concern is that districts in
North-West Japan, i.e. Hokkaido and Tohoku, seem to have received relatively larger shocks than the rest of the districts. As a robustness check,
I will show that removing districts in these regions from the sample does
not change the results.
Table 3.1 summarizes the data. Panels (A) and (B) show the summary statistics of electoral variables in 1947 and 1952, respectively.
Right-wing parties obtain about two thirds of the votes, while left-wing
parties obtain about one third of the votes in both years. Note that the
right-wing parties have an even higher vote share in 1952. The turnout
was slightly higher in 1952 than in 1947 as described in the background
roshima, Kagawa, Saga, Nagasaki, Kagoshima, and Okinawa.
57
http://www.data.jma.go.jp/obd/stats/etrn/index.php.
58
The centroid of the electoral district polygon is used as the location of that
district. I have used geographical packages in R to measure the distance.
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section. Panel (C) shows variables related to the land reform. The reform
dramatically changed the share of tenant farm households (and that of
owner farm households) between 1947 and 1950. MTL is the instrument
that will be explained in detail below.

3.5
3.5.1
3.5.1.1

Empirical strategies
Instrumental variables method
Model specification

This section explains the empirical strategies used in the paper. The
main strategy uses an instrumental variables (henceforth, IV) method
in which the upper limits set by the Ministry of Agriculture and Forestry
is used to get the exogenous variation of the land reform. I use the twostage least squares (henceforth, 2SLS) to estimate the model. The main
regression equation is written by
Ydrt = β0 + β1 Kosakudrt + xdrtβ + µd + φt + drt ,

(3.6)

where Ydrt is an electoral outcome in district d in region r in year t, β0 a
constant, Kosaku the share of tenant farmers before the land reform, x
control variables, µd district fixed effects, φt year fixed effects, and  the
error term.59 The control variables are population, average land sizes,
and agricultural employment. An intuition of the model is that electoral
districts with a large share of tenant farmers before the land reform are
more likely to be affected by the reform.
To use the IV method, I take the first-difference of the equation
between post-reform and pre-reform:
∆Ydr = β1 ∆Kosakudr + ∆xdrβ + ∆φ + ∆dr ,

(3.7)

where ∆Kosakudr = Kosakudr1950 − Kosakudr1947 . Since the first election
59

I also use the share of tenanted land, instead of that of the tenant farmer, in some
specifications.
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after the land reform takes place in 1952, I use that year as the postreform year for the outcome variable.60
Our goal is to get a consistent estimate of β1 . To interpret the effect
as causal, the electoral outcome should be the same between “treated”
and “control” districts in the absence of the reform. Here, the “treated”
districts are those which have the large share of tenant farmers before
the land reform. If such districts are systematically different from the
other districts in terms of e.g. political preferences of voters, the estimate
may suffer from an endogeneity problem.
To get the exogenous variation of the land reform, I use an instrument
which has determined the intensity of the reform across districts ex ante.
The first-stage equation can be written by
∆Kosakudr = ϕ0 + ϕ1 MTLdr + ∆xdrϕ + udr ,

(3.8)

where ϕ0 is a constant, MTL is the instrument which will be explained in
detail below, and u the error term. Our instrument is valid if, and only
if, (i) it explains the intensity of the reform well (i.e., the instrument
is not weak), and (ii) it affects the electoral outcomes only through
the ∆Kosaku variable (i.e., the exclusion restriction holds). The first
condition is testable, while the second is not. I will discuss the validity
of the second assumption in the next section.
3.5.1.2

MTL

The intensity of the reform was determined by the Maximum Tenanted
Land (henceforth, MTL), which was set before the start of the land
reform. The MTL imposed an upper limit on the amount of tenanted
land that a landlord could keep.61 The value of the MTL stretched from
60

For the share of tenanted land, I take the first-difference between 1945 and 1950
for which I have data.
61
Suppose that a landlord had 1.5 ha of tenanted land. If the MTL of his district
said 1 hectare, the landlord had to sell 0.5 hectare of his tenanted land during the
reform. The political reasons behind the introduction of such a criterion are described
in the background section.
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0.6 cho in Hiroshima to 4 cho in Hokkaido, but the average of the MTL
in prefectures other than Hokkaido had to be 1 cho.62
The original MTLs at the prefecture level were set by the Ministry of
Agriculture and Forestry followed by the approval by the Central Land
Committee. Next, the prefectural MTL was given to Prefectural Land
Committees, and these committees proposed the MTL of municipalities
that each of them represents. The average of the municipal MTLs in a
prefecture had to be equal to the MTL of that prefecture. Finally, these
proposals were (dis-)approved by the Central Committee (NKI 1951).
A common formula has been used to set the value for each prefecture
and municipality. The MTL for prefecture (municipality) i is based on
the arithmetic mean of
xi =

P

P

k∈Γ Tk

P

k∈Γ χk Tk

!

× χi

and

zi =

!
P
k∈Γ Tk
P
× ζi ,

P

k∈Γ ζk Tk

(3.9)

where χi denotes the average land size of owned farmland, ζi the average
land size of managed farmland, before the land reform, P the MTL at a
higher level (i.e., the prefectural MTL for municipalities, and the central
MTL for prefectures), Tk the total area of tenanted land, and Γ is either
the set of prefectures, or the set of municipalities in each corresponding
prefecture.63 The owned farmland was based on the 1940 value, and the
managed farmland was based on the 1944 value (NKI 1951). All arable
lands were included, but grass lands, rough grazing, and forest lands
were excluded.64
Although these two variables are distinguished in the formula, they
are highly correlated. Therefore, one may simply regard them as the
62

One cho is approximately 1 hectare.
It is easy to show that the weighted arithmetic average of each variable becomes
P . To see this, let us multiply P
both sides by Ti in (3.9) and take the sum of them.
Finally, dividing both sides by
T yields P .
k k
64
The difference between χi and ζi is that the former variable is regarded as the
average size of landowners’ lands, while the latter variable is simply the average
farmland size. For example, if a farmer is a pure tenant cultivating 0.8 hectare, the
owned land is zero, while the managed land is 0.8 hectare. In contrast, if a farmer is
a pure owner cultivating the same size of land, both values would be 0.8 hectare.
63
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average farmland size before the reform. In other words, xi (zi ) is the
average land size χi (ζi ) weighted by some values. It is important to note
that none of the variables used in the formula are time-variant. Finally,
values are rounded at one-decimal point. To get the MTL at the district
level, I use the average value of the municipal MTLs.
3.5.1.3

Exclusion restriction

This section discusses the validity of the exclusion restriction assumption. A serious concern arises if the MTL has been politically manipulated.
This is less likely to be the case, however. First of all, committee
members were elected democratically, and the composition of committees and chairmanship were balanced across different types of farmers
(NKI 1951). The occupation forces did a careful investigation of committee elections, and recall elections took place if needed (Hewes 1955).65
Due to the relatively centralized and democratic process, it may be
more natural to believe that the instrument should not be affected by
political biases. To check this empirically, I also conduct a placebo test in
which the right-wing vote share between the 1946 and 1947 elections i.e.,
the elections before the land reform, is used as the dependent variable,
and is regressed on the instrument. Figure 3.5 shows an almost horizontal
line. The result indicates that the instrument has not been manipulated
for political reasons.66
65
In Municipal Land Committees, 10 members (5 tenant farmers, 3 landlords, and
2 owner farmers) plus 3 ‘neutral’ members were elected separately by each type of
farmer. For example, tenant farmers voted for tenant representatives, landlords voted
for landlord representatives, and so on. Every adult in each household had an equal
right to cast a single vote. Prefectural Land Committees had twice as many members
of different types of farmers as Municipal Land Committees, and there were 5 neutral
members. These representatives for the farmers were elected representatives of Municipal Land Committees. Finally, the Central Land Committee consists of 8 tenants,
8 landlords, all of them were recommended by prefectural governors, 2 representatives
of peasant unions, and 5 university professors. They were selected on behalf of the
Minister of Agriculture and Forestry and appointed by the Yoshida Cabinet (NKI
1951).
66
I do not include control variables since I do not have the data in 1946.
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Difference-in-differences estimation
Model specification and parallel trend

The second empirical strategy uses a difference-in-differences (henceforth, DID) estimation method. For this purpose, I interact Kosaku in
(3.6) with time dummies:
Ydrt = π0 +

X

πj Kosakudr1947 × Timejt + vdrtπ + ξd + θt + ηdrt , (3.10)

j∈Ω

where π0 a constant, Timejt takes the value of one in year j, and zero
otherwise, Ω a set of election years, v control variables, ξd district fixed
effects, θt year fixed effects, and η the error term. I also include regional
linear trends. We should observe significant effects after 1952 election.
As before, the causal interpretation of the estimates requires that the
electoral outcome should be the same between “treated” and “control”
districts in the absence of the reform. Although this cannot be directly
tested, I show that the parallel trend assumption seems to be satisfied.
To check the validity of the assumption, I divide districts into two
groups based on the intensity of the land reform in Figure 3.6.67 The
above-median group (or “treated” districts) includes districts which are
highly affected by the land reform, while the below-median group (or
“control” districts) includes less affected districts. The y-axis is the vote
share of right-wing parties, while the x-axis is the year. The figure shows
a clear pattern that the treated districts are very similar to the control
districts until 1952 when the difference appears. Moreover, two lines did
not converge until 1990.
The next section shows the regression results.
67

The intensity is measured by the change in the owner share during the reform.
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3.6
3.6.1

Results
OLS and IV estimates

Before going through the IV estimates, I show the OLS estimates in Table 3.2. Column (1) does not include any control variable. From columns
(2) to (5), I add control variables one-by-one, which does not change the
coefficients to any great extent. Among these control variables, it is only
average land sizes that is statistically significant. However, its effect is
not robust to the inclusion of the number of candidates in column (5).
In column (6), I take into account spatial correlation by using clusterrobust standard errors. Although the standard errors become slightly
larger, the effect is still very significant. I exclude Hokkaido in column
(7) and both Hokkaido and Tohoku in column (8), but the effect remains. This is reassuring given that these regions seemed to be highly
affected by the land reform as discussed above. Finally, column (9) uses
the share of tenanted land, which still yields a similar estimate.
Next, Table 3.3 shows the IV (2SLS) estimates. All specifications include control variables - population, average land sizes, and agricultural
employment. For comparison, column (1) shows the OLS estimate of
the most preferred specification in column (4) in Table 3.2. Column (2)
shows the IV estimate and column (3) shows the first-stage result. The
F-statistics is moderately large, although it is marginally smaller than
the conventional level (about 9).68
In column (4), I use residuals of the regression as an alternative
instrument. To get the residuals, I regress the MTL on variables which
are in the formula - the average size of owner land in 1947 and the area
of tenanted land in 1945. The residuals capture a “net” variation after
subtracting the variation of these controls. The results are very similar
to those in columns (2) and (3). Moreover, the F-statistics is larger than
the conventional level (about 14). In column (6), I control for the number
of candidates. In column (7), I cluster standard errors at the prefecture
68
Conducting weak-instrument robust tests (Finlay and Magnusson 2009) still
yields significant results at the 99 percent confidence level.
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level. The significant results still remain. Finally, column (8) excludes
Hokkaido, and column (9) excludes Hokkaido and Tohoku. Excluding
these regions slightly reduces the size of the coefficients, but the size is
still around the same magnitude as the OLS estimates. It is reassuring
that the results still hold even by excluding these regions.
To see the size of the effect, let us take the estimate in column (2).
The coefficient (-0.503) implies that a decrease in the share of tenant
farmers, or an increase in the share of owner farmers, by one percentage
point reduces the vote share of right-wing parties by about 0.5 percentage points. Since the share of owner farmers increased by about 33
percentage points during the land reform, this would imply that the
right-wing parties would have lost about 16.5 percentage points of the
share. Although the estimate must be interpreted as an upper bound,
the effect seems to be substantial.
Overall, the IV estimates are larger than the OLS estimates, though
only marginally. One possible reason could be the omitted-variable bias
of the OLS estimates. It could also be the case that the IV estimates are
local average treatment effects (LATE) i.e., the effect on those farmers
who have been highly affected by the land reform rather than the effect
on all farmers.

3.6.2

DID estimates

The DID estimates are shown in Table 3.4. Column (1) does not include
any control variable, while columns (2) through (7) include controls. All
columns except columns (4) and (7) use the 1946 election as the baseline.
Instead, these columns use the 1947 election as the baseline. Columns
(3) and (6) exclude the 1949 election. Finally, I cluster standard errors at
the prefecture level in columns (5) through (7). The results are robust
to the adjustment of the standard errors to take into account spatial
correlation.
Overall, the effect did not appear until the 1952 election, which was
the first election after the completion of the land reform. Interestingly,
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the coefficients gradually became larger during the reform period, which
is consistent with the hypothesis, given that tenant farmers gradually
became owner farmers in this period.
This may also imply that the effect was not driven by voters’ expectations. For example, landlords could punish right-wing parties, while
tenant farmers could reward left-wing parties when they had noticed
that there would be a land reform. Recall that this was not the case
for the Japanese land reform, given that the reform was enforced by the
occupation forces, but not by any particular party.69
The estimates are surprisingly similar to the previous ones, especially
to the OLS estimates. It is reassuring that three different estimation
methods yield similar results.

3.6.3

Heterogeneous effects

To check the validity of the mechanism discussed earlier, I look at heterogeneous effects across places with different tenancy contracts in this
section. There were many different types of tenants across the country.
Among these, I collected data on the location of three different types:
eikosaku, kariwake-kosaku, and jyuuzoku-kosaku. Eikosaku is a permanent tenant, who almost owns land. The other extreme is jyuuzokukosaku, or a subordinate tenant, who relies on landlords and work for
them. Finally, kariwake-kosaku is a sharecropper.70
Since subordinate tenants are “hard-core” tenants, we should observe stronger effects in districts with such tenants if the mechanism is
correct. In contrast, as permanent tenants are similar to owner farmers,
we may not observe any difference between districts with such tenants
and districts without them. The effect on sharecroppers is unclear. Column (1) of Table 3.5 shows the result of the first test. Although districts
69

Moreover, the law was enacted when Yoshida was in power, and the reform was
implemented when Katayama was in power. There was no clear party which initiated
the reform.
70
Most tenancy contracts were based on fixed-rent contracts, and sharecropping
was very rare in Japan.
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without subordinate tenants are also affected, the effects are even larger
in districts with subordinate tenants. This supports the mechanism discussed earlier. Next, column (2) shows the result of the second test with
respect to permanent tenants, which also seems to support the mechanism. Finally, the effects on the sharecroppers are not different from
those on others, according to column (3).
The rest of the columns in Table 3.5 examine heterogeneous effects
across different districts. As discussed earlier, Hokkaido and Tohoku
seemed to be highly affected by the reform. However, columns (4) and
(5) indicate that there was no specific effect for those regions. Finally, as
North-West Japan is typically snowy, I use historical data on the average
of annual snow days and the average of annual total hours of sunlight
as proxies. I do not find any specific effect, however.

3.6.4

Effect on turnout and other parties’ vote share

This section examines the effect on turnout and the vote share of other
parties.
Columns (10) and (11) in Table 3.2 use the turnout as the dependent
variable whereas the share of tenant farm households and the share of
tenanted land are used as the independent variable, respectively. I find
significant negative effects in both cases. This is somewhat surprising
given that one may think that rural democratization due to the land
reform could have increased political participation. One plausible explanation might be that the farmers who had been enforced by landlords
to vote for a particular candidate before the reform no longer faced any
threat and therefore, lost their incentive to vote. This might indicate the
existence of turnout buying, in addition to vote buying.71
Next, Table 3.6 shows how the vote share of other parties has been
affected by the reform. Although left-wing parties were negatively affected, the effect was driven by an increase in the vote share of the com71

Vicente (2014) also finds that a vote education campaign against vote buying
in São Tóme and Príncipe decreased turnout. He argues that the effect is driven by
swing voters abstaining from voting.
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munist party. In contrast, the socialist party, the largest left-wing party
at the time, was not affected by the reform (the sign is even positive).
Most interestingly, the table also shows that it is the liberal party that
has lost the vote share. The liberal party is a successor of Seiyuu-kai,
which is often called the party of landlords. The result also supports the
mechanism discussed above. Finally, the rest of parties were less likely
to be affected by the reform.
In Table 3.7, I look at the number, rather than the share, of votes.
The results are qualitatively similar, although the effect on left-wing
parties becomes insignificant and that on other small parties becomes
significant. This means that the right-wing parties lost not only the vote
share, but also actual votes.
Finally, Table 3.8 shows heterogeneous effects between the districts
with subordinate tenants and those without. The vote share of left-wing
parties, particularly that of the socialist party, did only increase in those
areas. According to the theoretical model, the results may indicate that
the subordinate tenants have had leftish political preferences.

3.7

Discussion

This section discusses other plausible theories.
Change in political preferences
One could argue that the results might be explained by the change in
farmers’ interests. For example, tenant farmers might have shared the
same interests as landlords before the reform, while they might find
different interests after the reform. Similarly, the voting behavior had
changed because the former tenant farmers might become richer due to
the reform.
First, the literature on rural sociology does not seem to support such
views as discussed in the background section. Second, we may need evidence that the change of the type of farmers from tenants to owners
alters their political preferences to validate these alternative hypothe-
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ses.72 Finally, if either of these hypotheses is an underlying mechanism,
we should probably see opposite results because capitalistic and rich
farmers may favor right-wing parties. Indeed, the right-wing parties were
more pro-market in Japan:
At one extreme lies the Socialist Party’s attachment to cooperatives in general and to kolkhoz-like farm in particular;
at another lies the view of the business wing of the LiberalDemocratic Party that farming should be made a business
like any other, and the sooner it can be brought within the
sphere of normal capitalist operations the better. The third
point of the triangle is the view of the traditional wing of the
Liberal-Democrats which still cherish an idyllic picture of the
family farm, directed by househead of quiet dignity, robust
diligence and conservative views, presiding over a large and
rudely healthy family united by their devotion to toil, the
ancestors and the Emperor; these, the salt of the earth, are
the backbone of the nation (Dore 1963, pp. 272-273).
Distributive politics
Next, if farmers are prospective or retrospective, they may reward or
punish specific candidates or political parties based on how they like (or
liked) their policies. For example, retrospective farmers might vote for
parties which had promoted the land reform. However, since the reform
has been enforced by external forces in Japan as discussed above, it is
impossible to find any particular party which might have initiated it.
Next, prospective farmers might vote for parties which would give
monetary/non-monetary benefits to them in the future. However, since
it was the right-wing parties that would have provided such benefits to
72

Note that the above theoretical model is not about the change of political preferences of the same individual, but more about the change of occupations or types. The
model assumes that political preferences are constant for every individual per generation. The composition of the political preferences of the population only changes
intergenerationally.
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the farmers, the prediction of this hypothesis should be opposite to the
findings of the paper.

3.8

Conclusion

This paper emphasizes a political impact of redistributive land reforms.
These reforms might not only redistribute land, but also political power
from the landed class to the non-landed class and empower the latter.
Historically, landed elites have enjoyed extracting political rents by monopolizing land due to exclusive property rights. They were able to keep
being influential in their society by using coercive tenancy and labor
contracts to exercise their power.
In Japan, the landed class was politically influential during the prewar period, but a historically large land reform enforced by the occupation forces after World War II delivered the coup de grace to the
landed class. The paper is thus motivated to examine the effect of the destruction of the hierarchical structure in rural communities on national
elections.
First, a model of land reform is constructed in which more peasants
are freed from landlords’ influence regarding their voting behavior. Predictions of the model are tested empirically by using a unique dataset of
the Japanese land reform constructed by the author. I find that the vote
share of right-wing parties, in particular that of the liberal party, which is
known as the party of landlords, decreased in highly affected areas. The
effect was relatively persistent. Some of the votes went to the communist party, but not to the socialist party, which was the largest left-wing
party at that time. I find the supporting evidence that the effect was
driven by the fact that the tenant farmers who had obtained land exited
from the long-term tenancy contract and became independent landowners. I also find that there was a decrease, rather than an increase, in
the turnout in these highly affected areas after the reform. This might
indicate the existence of not only vote buying, but also turnout buying
before the land reform.
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The findings of the paper suggest that the land reforms can be a
powerful tool for democratization and promoting more equal societies.
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Table 3.1: Summary statistics
Mean

Std. dev.

Obs.

A. Electoral variables 1947
Vote share: Right-wing
: Liberal
: Democrat
: Left-wing
: Socialist
: Communist
: Others
Number of canidates: Right-wing
: Left-wing
: All
Number of seats
Voters
Turnout

0.53
0.28
0.25
0.29
0.25
0.03
0.10
5.40
3.40
12.62
4.04
355448.96
0.66

0.15
0.13
0.12
0.10
0.10
0.02
0.10
2.19
1.23
3.50
0.81
76604.21
0.06

85
85
85
85
85
85
85
85
85
85
85
85
85

0.67
0.12
0.48
0.15
0.19
0.12
0.24
0.11
0.20
0.10
0.02
0.02
0.08
0.09
5.79
1.71
3.02
1.01
10.44
2.76
4.04
0.81
395327.86 100092.87
0.77
0.06

85
85
85
85
85
85
85
85
85
85
85
85
85

B. Electoral variables 1952
Vote share: Right-wing
: Liberal
: Democrat
: Left-wing
: Socialist
: Communist
: Others
Number of candidates: Right-wing
: Left-wing
: All
Number of seats
Voters
Turnout
C. Land reform variables
Share of tenant farm households (1945)
(1950)
Share of tenanted land (1945)
(1950)
MTL

0.45
0.12
0.46
0.11
0.91

0.08
0.04
0.08
0.04
0.40

85
85
83
83
70

664460.88 144978.47
148484.80 56054.92
41.23
35.65
2043.17
221.25

85
56
85
85

D. Others
Population
Agricultural employment
Snow (days)
Sunlight (hrs)

(4)

(5)

(6)

(7)

Dependent variable: Vote share of right-wing parties
(3)

(8)

0.38
85

0.39
85

0.409
(0.2592)

0.42
56

0.159
(0.3608)
−0.201
(0.3875)

0.45
54

−0.056
(0.3869)
−0.370
(0.4196)
−0.263
(0.0806)∗∗∗

0.58
54

−0.119
(0.3596)
−0.176
(0.3797)
−0.161
(0.1286)
0.042
(0.0143)∗∗∗

0.58
54

−0.119
(0.3319)
−0.176
(0.4467)
−0.161
(0.0567)∗∗∗
0.042
(0.0174)∗∗

0.58
49

0.57
47

−0.209
−0.209
(0.3052)
(0.3099)
−0.246
−0.330
(0.4852)
(0.5067)
−0.003
−0.052
(0.8417)
(0.8458)
0.048
0.048
∗∗
(0.0181)
(0.0182)∗∗

−0.383
−0.334
−0.438
−0.445
−0.416
−0.416
−0.408
−0.391
(0.0546)∗∗∗ (0.0684)∗∗∗ (0.1063)∗∗∗ (0.1084)∗∗∗ (0.0852)∗∗∗ (0.0916)∗∗∗ (0.0864)∗∗∗ (0.0842)∗∗∗

(2)

0.61
54

−0.437
(0.0776)∗∗∗
−0.331
(0.3002)
−0.215
(0.4189)
−0.047
(0.0559)
0.042
(0.0168)∗∗

(9)

0.76
54

0.77
54

−0.004
−0.003
(0.0019)∗∗ (0.0019)∗

−0.338
(0.1385)∗∗
−0.054
(0.1466)
−0.141
(0.0331)∗∗∗

(11)

−0.313
(0.0363)∗∗∗
−0.420
(0.1298)∗∗∗
−0.078
(0.1404)
−0.058
(0.0351)

Turnout

−0.311
(0.0367)∗∗∗

(10)

Notes: Robust standard errors in parentheses in all columns, except columns (6) through (11) in which the standard errors are clustered at the prefecture level. ∗ p < 0.1,∗∗ <
0.05,∗∗∗ < 0.01. The dependent variable for columns (1) to (9) is the change in the vote share of right-wing parties between the 1947 and 1952 elections. The dependent variable
for columns (10) and (11) is the turnout which divides the number of voters who cast a vote by the number of eligible voters. All regressors are first-differenced variables between
1947 and 1950, except for Tenanted land, which uses the difference between 1945 and 1950. Tenant farm household is the share of tenant farm households, while Tenanted land
is the share of tenanted land. Column (7) excludes Hokkaido and column (8) excludes both Hokkaido and Tohoku. Column (9) uses the share of tenanted land, instead of the
share of tenant households.

R2
Number of obs.

Number of candidates: All

Number of candidates: Right-wing

Average land size

Agricultural employment (log)

Population (log)

Tenanted land

Tenant farm household

(1)

Table 3.2: Effects on electoral outcomes (OLS)
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(2)
2SLS

0.45
54

R2
Number of obs.
0.39
45

yes
no
0.38
45

yes
no
0.39
45

yes
no
0.34
45

−0.259
(0.0694)∗∗∗
yes
no

(5)
1st-Stage

−0.519
(0.1201)∗∗∗

(4)
2SLS

(7)
2SLS

(8)
2SLS

(9)
2SLS

0.58
45

yes
yes

0.58
45

yes
yes

0.59
40

yes
yes

0.58
38

yes
yes

−0.495
−0.495
−0.458
−0.430
(0.0950)∗∗∗ (0.1043)∗∗∗ (0.1011)∗∗∗ (0.0992)∗∗∗

(6)
2SLS

Notes: Robust standard errors in parentheses in all columns, except columns (7) through (9) in which the standard errors are clustered at
the prefecture level. ∗ p < 0.1,∗∗ < 0.05,∗∗∗ < 0.01. The dependent variable is the change in the vote share of right-wing parties between the
1947 and 1952 elections. Tenant farm household is the difference in the share of tenant farm households between 1947 and 1950. MTL is the
instrument. See the text for more details. Controls are population, average land sizes, and agricultural employment. Columns (4) and (5) use
residuals of the regression of MTL on the average size of owner land in 1947 and the area of tenanted land in 1945. Column (6) adds the
number of candidates as control. Column (8) excludes Hokkaido and column (9) excludes Hokkaido and Tohoku.

yes
no

−0.150
(0.0498)∗∗∗

(3)
1st-Stage

Dependent variable: Vote share of right-wing parties (except for 1st-stage regressions)

−0.445
−0.503
(0.1084)∗∗∗ (0.1165)∗∗∗

Controls
Number of candidates

Residuals

MTL

Tenant farm household

(1)
OLS

Table 3.3: Effects on electoral outcomes (OLS/2SLS)
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0.40
1495

R2
Number of obs.
0.45
1463

yes
yes
yes

−0.037
(0.2087)
−0.148
(0.1114)
−0.376
(0.1352)∗∗∗
−0.300
(0.1483)∗∗
−0.396
(0.1001)∗∗∗

(2)

0.45
1380

yes
yes
yes

−0.377
(0.1356)∗∗∗
−0.300
(0.1483)∗∗
−0.396
(0.1008)∗∗∗

−0.037
(0.2101)

(3)

0.43
1380

yes
yes
yes

−0.148
(0.1121)
−0.376
(0.1370)∗∗∗
−0.300
(0.1483)∗∗
−0.396
(0.1001)∗∗∗

(4)

0.45
1463

yes
yes
yes

−0.037
(0.2212)
−0.148
(0.1084)
−0.376
(0.1452)∗∗
−0.300
(0.1665)∗
−0.396
(0.1142)∗∗∗

(5)

0.45
1380

yes
yes
yes

−0.377
(0.1459)∗∗
−0.300
(0.1658)∗
−0.396
(0.1141)∗∗∗

−0.037
(0.2226)

(6)

0.43
1380

yes
yes
yes

−0.148
(0.1018)
−0.376
(0.1433)∗∗
−0.300
(0.1608)∗
−0.396
(0.1079)∗∗∗

(7)

Notes: Robust standard errors in parentheses, except for columns (5) through (7) in which the standard errors are clustered
at the prefecture level. ∗ p < 0.1,∗∗ < 0.05,∗∗∗ < 0.01. The dependent variable is the vote share of right-wing parties. Tenant
farm household is the share of tenant farm households. Control variables are population, average land sizes, and agricultural
employment. All control variables use the 1947 value (i.e., before the land reform) interacted with year dummies. All columns
use the 1960 election as the baseline except for columns (4) and (7), which use the 1947 election as the baseline. Columns (3)
and (6) exclude the 1949 election. Columns (5), (6), and (7) are the same as columns (2), (3), and (4), respectively, except
that the standard errors are clustered.

yes
yes
no

−0.010
(0.1938)
−0.112
(0.1109)
−0.236
(0.1349)∗
−0.279
(0.1465)∗
−0.375
(0.1129)∗∗∗

Year F.E.
Region trend
Controls

× 1955

× 1953

× 1952

× 1949

Tenant farm household × 1947

(1)

Dependent variable: Vote share of right-wing parties

Table 3.4: Effects on electoral outcomes (DID)
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(2)

(3)

(4)

(5)

(6)

(7)

yes
0.48
54

yes
0.45
54

yes
0.45
54

yes
0.46
54

yes
0.46
54

yes
0.46
54

Notes: Standard errors are clustered at the prefecture level. ∗ p < 0.1,∗∗ < 0.05,∗∗∗ < 0.01. The dependent variable
is the change of vote share of right-wing parties between 1947 and 1952 elections. Eikosaku is a permanent tenant,
who almost owns the land. The other extreme is Jyuuzoku-kosaku or a subordinate tenant, who relies on landlords
and work for them. Finally, Kariwake kosaku is a sharecropper. Most tenancy contracts were based on fixed-rent
contracts, and sharecropping was very rare in Japan. Dark uses the data of the average of annual total hours of
sunlight, while Snow uses historical average snow days. The control variables are population, average land sizes, and
agricultural employment.

yes
0.51
54

R2
Number of obs.

−0.356
−0.359
−0.439
−0.445
−0.505
−0.379
−0.512
(0.1271)∗∗ (0.1434)∗∗ (0.1505)∗∗∗ (0.1244)∗∗∗ (0.1513)∗∗∗ (0.1304)∗∗∗ (0.1826)∗∗
−0.506
(0.2883)∗
−0.290
(0.2278)
−0.020
(0.1305)
−0.135
(0.3289)
0.144
(0.2273)
−0.156
(0.1509)
0.130
(0.2132)

Controls

× Snow

× Dark

× Tohoku

× Hokkaido

× Kariwake-kosaku

× Eikosaku

× Jyuuzoku-kosaku

Tenant farm household

(1)

Dependent variable: Vote share of right-wing parties

Table 3.5: Heterogeneous effects (OLS)
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(3)
Democrat

0.58
45

0.74
45

0.61
45

−0.495
−0.554
−0.020
(0.1043)∗∗∗ (0.1162)∗∗∗ (0.0750)
yes
yes
yes
yes
yes
yes

(2)
Liberal

0.32
45

0.137
(0.0553)∗∗
yes
yes

(4)
Left

0.49
45

0.066
(0.0531)
yes
yes

(5)
Socialist

(7)
Others

0.58
45

0.47
45

0.042
−0.052
(0.0136)∗∗∗ (0.0545)
yes
yes
yes
yes

(6)
Communist

Notes: Standard errors are clustered at the prefecture level. ∗ p < 0.1,∗∗ < 0.05,∗∗∗ < 0.01. The dependent variable is the
change of vote share of right-wing parties between the 1947 and 1952 elections. Control variables are population, average
land sizes, and agricultural employment.

R2
Number of obs.

Number of candidates
Controls

Tenant farm household

(1)
Right

Dependent variable: Vote share of political parties

Table 3.6: Effects for different parties (share, 2SLS)
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(3)
Democrat

0.76
45

0.80
45

0.53
45

−232.040
−224.066
−34.392
(29.7499)∗∗∗ (41.5340)∗∗∗ (21.7420)
yes
yes
yes
yes
yes
yes

(2)
Liberal

0.40
45

2.662
(16.3323)
yes
yes

(4)
Left

0.38
45

−7.338
(16.4466)
yes
yes

(5)
Socialist

(7)
Others

0.44
45

0.46
45

5.325
−36.252
(2.1855)∗∗ (17.3495)∗∗
yes
yes
yes
yes

(6)
Communist

Notes: Standard errors are clustered at the prefecture level. ∗ p < 0.1,∗∗ < 0.05,∗∗∗ < 0.01. The dependent variable is
the change of votes (per thousand) of right-wing parties between the 1947 and 1952 elections. Control variables are
population, average land sizes, and agricultural employment.

R2
Number of obs.

Number of candidates
Controls

Tenant farm household

(1)
Right

Dependent variable: Votes of political parties (per thousand)

Table 3.7: Effects for different parties (level, 2SLS)
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0.61
54

0.76
54

0.58
54

−0.415
0.023
(0.1071)∗∗∗ (0.0757)
−0.230
−0.112
(0.1573)
(0.1257)
yes
yes
yes
yes

−0.354
(0.0938)∗∗∗
−0.368
(0.1977)∗
yes
yes
0.38
54

0.081
(0.0500)
0.288
(0.1058)∗∗
yes
yes

(4)
Left

0.49
54

0.039
(0.0514)
0.228
(0.1214)∗
yes
yes

(5)
Socialist

0.59
54

0.033
(0.0137)∗∗
0.020
(0.0178)
yes
yes

(6)
Communist

0.50
54

−0.017
(0.0671)
−0.090
(0.0710)
yes
yes

(7)
Others

Notes: Standard errors are clustered at the prefecture level. ∗ p < 0.1,∗∗ < 0.05,∗∗∗ < 0.01. The dependent variable is
the change of vote share of right-wing parties between the 1947 and 1952 elections. Jyuuzoku-kosaku is a subordinate
tenant, who relies on landlords and work for them. Control variables are population, average land sizes, and agricultural
employment.

R2
Number of obs.

Number of candidates
Controls

× Jyuuzoku-kosaku

Tenant farm household

(3)
Democrat

(2)
Liberal

(1)
Right

Dependent variable: Vote share of political parties

Table 3.8: Heterogeneous effects for different parties (OLS)
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Figure 3.1: Change in the composition of farm households
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Figure 3.2: Dynamics

v=v
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Figure 3.3: Phase diagram

(a)

(b)
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Figure 3.4: Intensity of land reform

Notes: Electoral districts with bluish colors received larger shocks than the districts
with yellowish colors. The intensity is defined as the change in owner share between
1945 and 1950.
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Figure 3.5: Placebo test
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.4

Vote share of right−wing parties
.5
.6
.7

.8

Figure 3.6: Right-wing vote share

1950

1960
Above median

1970
Year

1980

1990

Below median

Notes: Electoral districts are divided into two based on the intensity of the land
reform (i.e., the change in owner share between 1945 and 1950). The above-median
group is regarded as highly affected areas, while the below-median group is regarded
as less affected areas. The land reform occurred between 1947 and 1950.
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Appendix
A.1

Other implications of the model

Under the assumptions in Section 3.3, the total output of the economy
should increase because more individuals are active in the labor market.
Peasants also get a higher income in the treated economy because they
pay less (or zero) to landlords after the land reform. In summary, the
distribution of the wealth should be more equalized due to the reform.
If the reform is so radical, the initial point shifts to a point such
as A00 in Panel (a) of Figure 3.3. In this case, agricultural workers and
even landlords who cannot find the agricultural workers become owner
farmers. Although the economy will clearly be highly equalized, and an
even larger part of the population will be active in the labor market,
the effect on total outputs is ambiguous because more landlords with
agricultural workers, who run big farms with better technologies will
become owner farmers. Therefore, there may exist an equity-efficiency
trade-off in this case.
The model can also deal with a more general case. Suppose that
p 6= 0 and p0 6= 1. Panel (b) of Figure 3.3 describes such a case. If the
economy is still located at a point such as A0 , it converges to the line
Ṗ l = 0 in the long run, although the short-run effect is the same as
before. In the steady-state, the treated economy has even less landlords
and agricultural workers, but more idles, compared to the initial level.
The number of peasants must be the same along the equilibrium path,
although the treated economy has more peasants as compared to the
control economy.73 The long-run effect on total outputs and inequality
must be worse. If the economy instead locates at A00 of Panel (b) in the
treated economy, then it converges to C in the long run. In this case,
basically all agents become owner farmers, so that the economy becomes
completely equal, but the effect on total outputs is ambiguous.74
If the initial point is B 0 , then we get the opposite result. However, the data does
not seem to support the latter case as we have seen in Figure 3.1.
74
I assume that the equality in L̄ ≤ L̂ holds for all owner farmers in steady state.
73

Chapter 4
Geography and State
Fragmentation†
4.1

Introduction

Many scholars have emphasized the benefits of state fragmentation for
preindustrial economic and institutional development. Interstate competition can spur elites to build state and fiscal capacity (Tilly 1992),
and invest in education (Aghion et al. 2015). The threat of outmigration by talented individuals to a neighboring state in the close vicinity
may nudge rulers into pursuing less extractive state-building strategies
(Mokyr 2006, 2007).
Figures 4.1 and 4.2 provide some tentative evidence of a positive
effect of historical state fragmentation on modern development. They
show outcomes at the grid-cell level over what we call border density—
†

This chapter is coauthored with Nils-Petter Lagerlöf. We are grateful for comments on an earlier version, titled “Natural Borders,” from Tasso Adamopoulos,
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how often a cell had a border between 1500 and 2000—and GDP per
capita in 2005 (or so-called gross cell product). This refers to a region encompassing Europe, Western Asia, and North Africa, for which detailed
maps on historical sovereign states are available.1
As seen in Figure 4.1, cells that were completely unified throughout
this period are richer today than those with some borders, but among
cells with positive border density there is a positive relationship: more
historical border presence is associated with higher GDP per capita levels in modern times. The very richest category consists of cells which
had a border in all years. The map in Figure 4.2 illustrates what drives
this pattern. Some of the richest locations are clustered in historically
border dense areas, around the Alps and southern Germany, while many
of the more unified regions, e.g. in today’s Turkey and Russia, are among
the poorest today.
This begs a deeper question: what determined which places ended
up with more borders, and which became more unified? Our answer is:
geography.
We look at 5202 cells with statehood present in all years 1500-2000,
and compute the fraction of those years in which each cell had a border,
defined as more than one state entering the cell. We find that border
density is higher in mountainous terrain, along rivers, and closer to the
coast. How suitable the land is for agriculture matters too, but differently
depending on the type of agriculture: suitability for rainfed agriculture
is associated with more borders, and suitability for irrigated agriculture
with fewer borders.
These correlations are “global,” in the sense that they hold without
controls for the geography in neighboring cells. Some geography variables
have the same effect at the “local” level. For example, cells have more
borders than their neighboring cells if they also have more rivers and
more rugged terrain.
1
As explained later, border density is from Euratlas and computed for square cells
with sides of length 0.5 degrees. GDP per capita data are from the G-Econ Database
at Yale University and refer to cells with sides that are 2.5 degrees.
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However, the fragmenting effects of rainfed agriculture are not local.
Rather, cells that have a higher suitability for rainfed agriculture have
fewer borders than their neighbors, the opposite of what we observe at
the global level. Our interpretation relates to Wittfogel (1957). In short,
empires emerge later, thus being smaller and fewer, in regions that rely
more on rainfed than irrigated agriculture, essentially Western Europe.
At the same time, when empires do emerge in regions suitable for rainfed
agriculture, they tend to expand into those lands that are most suitable
for such agriculture.
We also examine how the effects of our geography variables have
changed over time. One finding is that borders are less likely to survive
if they separate small states from large, but this size-difference effect is
mitigated by, e.g., rugged terrain.
We also propose a small model to interpret our results, where geography determines how much and where an empire chooses to expand.
A sizable body of literature, alluded to above, points to the positive
effects of state fragmentation on long-run economic development. Here,
our focus is on the determinants of state fragmentation, not its effects.
In that regard, our paper relates to a debate on whether geography caused Europe’s high fragmentation compared to other regions, like
China (e.g., Diamond 1997, Ko et al. 2014, Lagerlöf 2014). Our data
do not cover China per se, but several other politically unified regions,
like France and Spain, so we may say something about the deeper state
formation factors at play across the world.
There is also important work on the determinants of ethno-linguistic
fractionalization (e.g., Ahlerup and Olsson 2012, Michalopoulos 2012,
Ashraf and Galor 2013), often using data on time-invariant locations of
language groups. Studying state borders is closely related, but allows us
to ask different questions. First, we can compare the effects of geography
on state and language (or ethno-linguistic) borders; their correlations
with geography are quite similar. Second, our state border data contain
time variation, which language data do not; this allows us to document,
e.g., that language borders are more correlated with modern state bor-
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ders than with historical state borders. Third, related to the above two
points, the process of state formation can influence ethnic diversity, e.g.
through genocide and ethnic cleansing, especially in the region we study.
We cannot observe historical language borders, but state borders might
proxy for these.
Our analysis may also add to a literature using cross-country measures of state antiquity, documenting that those regions which developed
statehood the earliest, like the Middle East, tend to be poorer today
than those with intermediate state antiquity, around Western Europe
(e.g., Borcan et al 2015). Our findings point to a different mechanism,
not working through statehood itself but rather state fragmentation.
The absence of borders does often seem to reflect an early expansion of
empires, in particular around the Middle East.
Another strand of the literature analyzes the size, shape, and composition of countries (e.g., Friedman 1977, Bolton and Roland 1997,
Alesina and Spolaore 2003, Gancia et al. 2016). Papers more specifically on borders include Alesina et al. (2011) who measure how artificial, or non-natural, modern borders are and look at correlations with
economic outcomes. Abramson and Carter (2016) study the effects of
historical borders on contemporary disputes between countries. None of
these studies how geography determines borders.
Finally, since geography seems to affect state fragmentation, which
we have also noted is somehow related to modern development, our findings highlight a new deep-rooted link from geography to development.
In that sense, this paper also relates to older work on the interactions
between geography, institutions, and development, but working through
state-formation mechanisms, applying to the Old World, rather than
post-Columbian migration and the New World disease environment (e.g.,
Sokoloff and Engerman 2000; Acemoglu et al. 2001, 2002).
The rest of this paper is organized as follows. In Section 4.2, we make
the case why state fragmentation is so interesting, and summarize some
of the existing discussion on geography and borders. In Section 4.3 we
set up a simple model, and derive some results that we can test on our
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data. Section 4.4 describes the data. Section 4.5 presents our empirical
results, with several robustness checks, different specifications, and various approaches to address and interpret spatial correlation. Section 4.6
concludes.

4.2
4.2.1

Background
State fragmentation and development

As argued above, the roots of state fragmentation are interesting because of the many possible links from fragmentation to preindustrial
economic and institutional development. For example, it has been proposed and/or documented that interstate competition created incentives
for ruling elites to build state and fiscal capacity (Tilly 1992, Besley and
Persson 2011, Dincecco and Prado 2012), invest in education (Aghion
et al. 2015), and embrace technological innovation for military purposes
(Jones 1981, McNeill 1982, Lagerlöf 2014). Interstate conflict can also
facilitate the emergence of credit markets to fund wars (Ferguson 2009,
Gennaioli and Voth 2015).
Other mechanisms relate to migration. For example, state fragmentation allowed talented individuals to flee somewhere when they were
pursued by the authorities (Mokyr 2006, 2007). Evidence suggests that
events that increased repression spurred emigration by writers in Europe 1660-1961 (Potrafke and Vaubel 2014). Despots who cared about
the size of their populations also had incentives to reform to curb emigration (Karayalçin 2008).
It also seems that small and independent states often tend to develop
different cultures than larger ones, and that such cultural differences
can persist over the very long run. For example, Guiso et al. (2014) find
that Italian cities which experienced more independence in the Middle
Ages have higher levels of social capital today than other Italian cities,
according to various indicators.
Finally, at the macro level, state fragmentation can spread risks.
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When there are several small states, it is less likely that there will be
widespread destructive consequences if one single ruler makes one bad
decision, as could happen in more unified regions. The perhaps most
commonly cited example is that of China’s large 15th-century overseas
explorations, which ended in the wake of infighting within the Chinese
court, while Christopher Columbus could solicit funding for his voyages
from different European monarchs (e.g., Diamond 1997, pp. 412-413;
Landes 1998, pp. 93-98).

4.2.2

Geography and borders

The role of mountains and rivers in determining state borders has been
well recognized, probably since the emergence of the first states, and at
least since the early 20th century (e.g., Lord Curzon of Keddleston 1907,
Holdich 1916, Brigham 1919; for a nice and more recent overview, see
Pounds 1972).
One reason why mountains might constitute natural borders is that
they tend to be sparsely populated and easy to defend militarily (Pounds
1972, pp. 86-88). Many famous defensive fortifications were located in
mountainous and rugged areas, like the Great Wall of China, Hadrian’s
Wall in Britain, and the Walls of Ston in modern-day Croatia.
Rivers, in contrast, often had a unifying character in pre-state times;
people have always lived, traveled, and traded along rivers (Pounds 1972,
Ch. 11). The fragmenting role of rivers seems to be a by-product of state
formation. In the words of Lord Curzon of Keddleston (1907, p. 8): “As
States developed and considerable armies were required for their defense,
the military value of rivers, in delaying the enemy, and in concentrating
defensive action at certain bridges, or fords, or posts, became apparent.”
Consistent with this interpretation, studies looking at ethno-linguistic
diversity find little effect from rivers (Michalopoulos 2012, p. 1525 and
Footnote 10).
How suitability for rainfed and irrigated agriculture could impact
borders may relate to work by Wittfogel (1957) who argued that large-
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scale irrigation projects tended to make societies more despotic; see also
Bentzen el al. (2016) for a test of this hypothesis. Strong and despotic
states and rulers may, in turn, have been prone to, and capable of,
spatial expansion. The Middle Eastern regions where states and irrigated
agriculture first evolved were also centers of several of the largest empires
in the world (Taagepera 1978). The rise of the first central states in the
region has been linked to centralized control of the water supply (see,
e.g., Nissen and Heine 2009, Ch. 5). By contrast, where there is abundant
rain it may be harder for any single group or state to monopolize water
supply for a larger region, making it harder to dominate smaller states.

4.3

A model

Consider a two-dimensional spatial model where a 2×1 territory is intersected in half by a river of length 1. The river runs horizontally through
the territory east to west (right to left), as illustrated in Figure 4.3.
The sides/banks of the river are referred to as south (S) and north (N),
respectively.
There are many states in this territory. First, there is one asymmetrically strong state, called the empire, that can seize as much of the land
as it prefers (subject to certain costs described below). Second, in the
lands not taken by the empire, a continuum of smaller states share the
land. We let the density of borders (and states) on these non-empire
lands equal some constant and exogenous θ ∈ [0, 1]. (Border density
within the empire is zero by definition.) As the empire expands its territory, the non-empire border density remains constant at θ, implying
that border density over the whole 2 × 1 territory—what we call overall border density—declines. Thus, the number of non-empire states
declines as the empire expands, i.e., the empire “swallows” the smaller
states.
The non-empire states do not choose their territories, but we may
think of their locations as determined by other fundamentals than that
of the empire, since they are uniformly distributed across the territory.
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In particular, consistent with the discussion in Section 4.2.2, these states
are not separated (or unified) by the river any more than by other geographic features of the territory. In contrast, the empire may want to
use part of the river as its border, which we model by letting the south
side of the river be somewhat more productive (or attractive) than the
north side. This may capture, e.g., climatic differences, the south side
being less rugged, or the empire’s ethnic homelands being located on the
south side.
We also assume that lands become continually less productive when
moving horizontally from the west to the east, i.e., from the left to
the right in Figure 4.3. This is meant to capture that the region has a
mountain in the east. That is, higher elevation and more ruggedness go
together with lower land productivity, which tends to be the case in the
data.2
To capture this, let the empire’s revenue from lands held at some
e equal Z(1 − λ)x
e−λ on the northern side of the
horizontal coordinate x
e−λ on the southern side, where Z > 0 is a land
river, and σZ(1 − λ)x

productivity parameter, λ ∈ (0, 1), and σ > 1. That is, revenues decline
when moving up the mountain, and are higher on the southern side of
the river. Let xS and xN denote the lands held on the different sides of
the river, so that the total revenue of the empire can be written
Y =

ZxS
e
σZ(1−λ)x
0

4.3.1

−λ

e+
dx

ZxN

h

i

e−λ dx
e = Z σx1−λ
Z(1−λ)x
+ x1−λ
. (4.1)
S
N

0

The empire’s maximization problem

The empire’s profit, denoted π, equals total revenues in (4.1) minus
expenditures on controlling the territory and defending its river border.
We denote the length of the empire’s river border by R = xS − xN . For
2

For example, as shown below, the correlation coefficients between the variable we
label log ruggedness, and the two agricultural suitability variables (referring to rainfed
and irrigated agriculture), equal −0.07 and −0.09, respectively (see Table 4.3). While
not very large, these correlations are highly significant.
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the moment, we consider the parametric case when the empire chooses
to hold more land on the southern than the northern side, xS > xN .
This means that the empire faces (positive) costs of both river border
defense and territorial control, and its profits are given by
π = Y − φ (xS + xN ) − δ (xS − xN ) ,

(4.2)

where δ is the defense cost per unit of river border (of length R =
xS − xN > 0), and φ is the cost per unit of land of controlling the
territory (of size xS + xN ). (We abstract from any costs to the empire
of its two land borders on each side of the river. This simplifies the
analysis by ruling out the possibility that the empire strategically seizes
the whole land on one side of the border specifically to eliminate that
fixed land border cost.)
We assume that φ > δ to ensure that there are positive net costs
of expanding xN , which is necessary, but not sufficient, for xS > xN
(R > 0) to hold in optimum; we also need to impose the following
assumption on σ:
σ>

φ+δ
.
φ−δ

(4.3)

Maximizing (4.2) over xS and xN , subject to (4.1) and xS ≤ 1 and
xN ≤ 1, the optimal choices of xN and xS become
xS =

 
1
 Z[1−λ]σ λ


and
xN =

if Z < ZS∗ ,

1

if Z ≥ ZS∗ ,

 
1
 Z[1−λ] λ


where

φ+δ

φ−δ

∗,
if Z < ZN

1

∗,
if Z ≥ ZN
φ+δ
(1−λ)σ ,
φ−δ
∗
1−λ > ZS ,

ZS∗ =
∗ =
ZN

(4.4)

(4.5)

(4.6)

denote the levels of Z above which the empire seizes all land on the
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southern and northern sides of the river, respectively. One can see that
∗ > Z ∗ follows from (4.3). That is, as Z increases, the empire takes
ZN
S

all land on the more productive southern side of the river first, and later
the whole of the northern side, thereby unifying the whole territory.
Using (4.4) and (4.5), the total size of the empire, denoted x =
xS + xN , and the length of its river border, R = xS − xN , can be written
as


1

1 
1
λ

σ
1

λ
[Z(1 − λ)]
+ φ−δ λ

φ+δ



1
x=
Z[1−λ] λ
1
+


φ−δ




2

if Z < ZS∗ ,
∗,
if ZS∗ ≤ Z < ZN

(4.7)

∗,
if Z ≥ ZN

and


1

1 
1
λ

σ
1

λ
[Z(1 − λ)]
− φ−δ λ

φ+δ


1

R=
Z[1−λ] λ
1
−


φ−δ




0

if Z < ZS∗ ,
∗,
if ZS∗ ≤ Z < ZN

(4.8)

∗.
if Z ≥ ZN

It is now easily seen from (4.8) that φ > δ and (4.3) imply R > 0
for Z < ZS∗ . That is, the empire makes part of the river into a border if
there are sufficiently large productivity differences across river sides, if
river borders are not too expensive, and if the territorial costs are high
enough.
Figure 4.4 shows how x and R vary with Z (or Z 1/λ ).

4.3.2

Border density

To facilitate comparison to our data and regressions, we describe our
results in terms of border densities, i.e., borders per unit of territory.
Border density within the size-x empire is zero by definition, and (recall)
equal to an exogenous θ outside the empire. Thus, border density across
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the whole size-2 territory, labeled overall border density, equals
D

overall

x × 0 + (2 − x) × θ
x
=
θ.
= 1−
2
2




(4.9)

Intuitively, the empire’s own borders have zero measure, so the overall
border density is only determined by the size of the empire, not its shape.
The empire’s own borders become of importance when we measure
border density along the river. The river has a total length of 1, of which
xN has no borders, R is only border, and 1 − xS has border density θ.
Suppose that the height (and mass) of the river is some very small ε ≈ 0.
Then, border density on (or along) the river becomes
Driver =

ε [xN × 0 + R × 1 + (1 − xS ) × θ]
= R + (1 − xS )θ.
ε

(4.10)

The difference between border density along the river and over the
whole territory is a river effect on border density. Some algebra shows
that
D

river

−D

overall

θ
=R 1−
,
2




(4.11)

where we have used xS = (R + x)/2.
We are now in a position to state some results. First, note that the
∗ . This means
river effect is positive (Driver − Doverall > 0) for all Z < ZN

that we have higher average border density along the river than across
the overall territory.
Moreover, since the empire expands horizontally, toward more elevated and rugged areas, as long as any fragmented (non-empire) area
∗ ), it lies at a higher elevation and in more
remains (i.e., if Z < ZN

rugged terrain than the unified area (the empire’s territory). This can
be summarized as follows:
∗ . Then borders are more common
Results 4.1. Suppose that Z < ZN

(a) along the river; and
(b) at higher elevations and in more rugged terrain.
Next, we would like to analyze the effects on overall border density
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when changing the exogenous parameters. This can be interpreted as
comparing two otherwise identical regions that differ in only one parameter, or letting one single parameter change over time. Here we shall
focus on the parameters Z and φ. The following is directly seen from
(4.7) and (4.9):
∗ . Then D overall is
Results 4.2. Suppose that Z < ZN

(a) decreasing with overall land productivity, Z;
(b) increasing with the empire’s territorial costs, φ.
Intuitively, Doverall depends negatively on the size of the empire, x,
which is increasing in Z and decreasing in φ. Higher land productivity
means that the empire takes more territory, thus reducing overall border density. Higher costs for the empire of holding territory means the
opposite.
Finally, we examine how the size of the river effect, Driver − Doverall ,
changes with Z. Using (4.8) and (4.11), we can see the following:
∗ . Then the river effect on borders,
Results 4.3. Suppose that Z < ZN

Driver − Doverall , is inversely U-shaped in Z: increasing (decreasing) with
Z for Z < (>)ZS∗ .
This result is also understood from the bottom panel in Figure 4.4,
showing how R depends on Z; recall that Driver − Doverall is increasing
in R.
Intuitively, increases in Z from low enough levels, while the empire
is still small, result in an imperial expansion on both sides of the river,
but more on the relatively attractive southern side, and thus a longer
imperial river border, R. When Z increases from high enough levels,
the empire has already taken all available lands on the more attractive
southern side, so residual conquests on the northern side shrink R.
The rest of this paper uses historical data on borders to test the
above three results, and gain other insights into the causes of state fragmentation.
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Data

Here we provide a brief description of our data (see the data section of
the Appendix for more details). The unit of observation is a square cell
with sides of length 0.5 degrees.
Our basic source for borders is Euratlas (Nüssli 2010), which supplies
data on sovereign state territories at the turn of the centuries 1500-2000
(i.e., for six different years), over a large region centered on Europe.
Sovereign statehood seems like the relevant criterion, given the discussion in Section 4.2.1 about, e.g., state competition and opportunities to
flee despots. Our border dummies take the value of one if more than one
sovereign state was present in a cell in a given year, and zero otherwise.
After dropping sea cells, and cells lacking a state in any of the six
years, we end up with a baseline sample of 5202 land (including coastal)
cells.3
We also present some results using data on language borders, defined
as cells with more than one language, according to the World Language
Mapping System. Similarly, we compute a dummy for what we here label
current borders from the Global Administrative Areas, a common source
for contemporary administrative boundaries, including state borders.
The current border dummy is highly correlated with the Euratlas border
dummy for 2000.
We use a couple of different measures of how mountainous a territory is. Log elevation is the natural logarithm of (one plus) the mean
elevation across a cell and log ruggedness is the log of (one plus) the
standard deviation in elevation.4 Most of our regressions use what we
call mountain dummies rather than elevation, indicating whether the
mean elevation of the cell exceeds 1000 or 2000 meters, respectively.
3

Sea cells are those completely covered by sea. We call all other cells land cells,
some of which are coastal cells, meaning they are partly covered by sea. See the data
section of the Appendix for details.
4
While related, ours is not exactly the same definition of ruggedness as that in
Nunn and Puga (2012), but rather similar to what Michalopoulos (2012) calls variation in elevation.
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River data are from Natural Earth. We define big rivers as those

with a so-called scale rank at or below six; others are defined as small
rivers. Examples of big rivers are the Rhine, the Danube, and the Nile.
The big and small river dummies indicate whether, or not, such a river
is present in the cell.
Data on agricultural suitability come from the Global Agro-Ecological
Zones project. These measure agricultural output when using intermediate levels of input, relative to the maximum attainable with the same
inputs, under perfect environmental conditions. These data are available
separately for rainfed and irrigated agriculture, and for various crops.
We use the average of the most common crops—wheat, barley, oats and
rye—and normalize the variables to fall between zero and one.
Log distance to the coast is the logarithm of (one plus) the distance
in kilometers to the nearest coast, and our coast dummy equals one if a
coast intersects the cell (and zero otherwise).

4.5
4.5.1

Empirical results
Descriptive statistics

From the summary statistics in Table 4.1 and Figure 4.5, we learn that
the fraction cells with a border declines monotonically from 18% in 1500
to 9% 1900, and then increases to 16% in 2000. This mirrors the overall
trends in the number of sovereign states (e.g., Alesina and Spolaore 2003,
Gancia et al. 2016).
In terms of our model, the trend 1500-1900 toward more unification
can be interpreted as resulting from rising productivity, Z, which generates an increase in the size of the empire, x, and thus a decline in overall
border density; cf. Result 4.2.
Figure 4.6 shows a map of the border locations in 1500 and 1900.
The decline in the number of border cells is clearly visible; note e.g. the
unifications of Germany and Italy.
To analyze the cross-sectional correlation between borders and ge-
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ography, we construct a general border-frequency index, which we refer
to interchangeably as the border index or just border frequency. It is
simply the fraction of the six years (1500 to 2000) in which a cell had a
border. Averaging across centuries in this way should alleviate any concerns about measurement error and the changing roles of state borders,
e.g. due to the growing geographical reach of state capacity. Letting bi,t
be the border dummy, indicating if a border was present in cell i and
year t, this index can be written
Bi =

1 X2000
bi,t .
t=1500
6

(4.12)

Table 4.2 shows pairwise correlations between the border index (Bi )
and the year-specific border dummies (bi,t ). All correlation coefficients
are positive and significant, but typically larger between closer years;
borders are not stationary but change gradually over time. Despite the
rise and fall of several states and empires over these centuries, the locations of the borders between them are quite persistent. This suggests
that some underlying constant factor, like geography, may affect border
locations. Language and current borders also show a high correlation
with the Euratlas data, suggesting the same thing.
Figure 4.7 shows the means of some geography variables for different
levels of the border index. Among cells with a border present in all six
years (Bi = 1), more than 8% had mountains above 2000 meters and
about a third had a big river; the corresponding numbers for cells with
no borders in any year (Bi = 0) were about 1% and 10%, respectively.
Ruggedness increases when moving from low to high border frequency,
while distance to the coast might show a non-monotonic decline.
In Table 4.3, we see that the border index (Bi ) correlates with several
geography variables: borders tend to be located by high mountains and
in rugged terrain, and also by rivers. Figure 4.8 shows how the locations
of mountains and big rivers often coincide with the most border dense
areas. These are only raw correlations, but so far the findings seem
consistent with Result 4.1 of the model.
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As would be expected, some of the geography variables in Table 4.3

capture the same variation, e.g. log elevation and log ruggedness with a
correlation coefficient of about 0.8. At the same time, big and small river
dummies show a strong positive correlation with the border index, but
less correlation with the mountain variables, thus capturing a different
dimension through which geography correlates with borders.
Suitability for rainfed and irrigated agriculture shows a positive correlation with one another, but not as strongly with the border index
as the other geography variables. However, their border-index correlations carry different signs (rainfed positive and irrigated negative), an
interesting pattern which we return to below.
Log distance to the coast and the coast dummy show negative correlations with the border index, which we also interpret below.

4.5.2

Regressing borders on geography

We next present the results from a number of cross-cell regressions when
using the border index in (4.12) as the dependent variable. Our baseline
regression specification is:
Bi = α + Gi β + εi ,

(4.13)

where i indicates the cell, Bi is the border index, Gi a vector containing
different geography variables, β a vector with the coefficients of interest,
α a constant, and εi the error term.
Table 4.4 shows the results when estimating the regression equation
in (4.13) with ordinary least squares. Standard errors are adjusted to
control for spatial correlation using the Conley (1999) method, assuming
correlation among cells located within 1.45 degrees of each other. This
captures two neighboring cells in all eight directions (north, south, east,
west, and four diagonal directions).
Columns (1)-(3) in Table 4.4 confirm that borders are more common
in cells with mountains and rugged terrain, consistent with the partial
correlations in Table 4.3. As discussed, the mountain dummies and log
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ruggedness to some extent measure the same variation, but mountains
over 2000 meters and log ruggedness both come out as positive and
significant when entered together in column (3).
Column (4) confirms that cells with both small and big rivers have
more borders, also with other geography controls. Once more, this is
consistent with the positive river effect on borders in Result 4.1 of the
model.
Columns (5)-(7) show that areas suitable for rainfed agriculture have
more borders, while those more suitable for irrigated agriculture have
fewer. This holds when these are entered both separately and together.
To help us understand why, the map in Figure 4.9 shows that, e.g., Spain
has both below-median rainfed suitability, and above-median irrigated
suitability. Spain has a relatively low border density, despite being mountainous and having several big rivers (cf. Figures 4.6 and 4.8), allowing
its agricultural suitability profile to account for its unification.
As discussed in Section 4.2.2, this is reminiscent of the theories of
Wittfogel (1957) about the role of irrigation for the rise of despotic
states. In our context, it seems that smaller states found it easier to
survive in regions where external powers could not control the region’s
water supply. Interpreted in terms of Result 4.2 of the model, high suitability for any type of agriculture would raise Z, thus inducing imperial
expansion, but it could also affect the costs for the imperial rulers of
controlling the territories, or their populations, as captured by φ. In
particular, high suitability for irrigated agriculture might reduce φ, by
allowing the rulers to control scarce water resources, while high suitability for rainfed agriculture might feed and strengthen the ruled-over
populations (perhaps more than the rulers), implying higher φ. In the
latter case, the effects on Z and φ would pull in opposite directions,
and if the effect of a higher φ is strong enough, it could reduce border
density, consistent with our regression results.
Column (8) adds the coast dummy and distance to the coast. The
negative sign on distance to coast picks up inland unified areas, such
as Russia. The definition of borders that we use (two sovereign states
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entering the same cell) means that we are only capturing land borders;
e.g., Britain’s coast is not a border (except for cells by the English
Channel containing both France and England). However, it is interesting
to note that land borders are also affected by distance to the coast. This
may partly capture that regions that are more cut off by the sea, like
peninsulas, constitute natural states, thus making their land connections
more suitable as borders. The Iberian peninsula could be an example.
The coast dummy also comes out as negative, suggesting that both
cells at the coast, and those far from the coast, have fewer borders.
However, the coast dummy partly captures that coastal cells tend to have
a smaller land mass. Therefore, it is not clear how one should interpret
its sign, but precisely because coastal cells are somewhat different, we
prefer to enter the coast dummy as control.5
Column (9) finds that the 1000-meter mountain dummy comes out
as insignificant with other geography controls, which is useful to note
for later comparisons. In what follows, we use columns (8) and (9) as
our benchmark specifications.
Columns (10)-(11) add latitude fixed effects (i.e., a set of dummy
variables, one for each latitude). These absorb anything that varies north
to south (e.g., temperature), possibly non-monotonically, allowing us to
estimate within-latitude effects of geography. The results are mostly unchanged, with a few exceptions. High suitability for rainfed agriculture
is now associated with fewer borders, although the effect is insignificant. This probably reflects that suitability for rainfed agriculture varies
mostly north to south. Also, mountains over 1000 meters come out as
marginally significant in column (11).

4.5.3

Local deviations

One possible concern is that some geography variables, such as mountains and rivers, tend to cluster (or form connected lines), as do borders.
5
For example, it could be argued that the probability of having a border is mechanically lower when the land area on which the border can fall is smaller.
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Therefore it is hard to know if borders are present in a cell because of the
geography in that cell itself, or because of geography and/or borders in
neighboring cells. We have already entered latitude fixed effects, which
should address the issue to some extent, at least when such clustering is
a north-south phenomenon.
Next, we propose a different approach, by regressing local deviations
in border density on local deviations in our geography variables. More
precisely, if Ni is the set of (indices of) the eight closest neighboring cells
of cell i, and Gk,j is the value of some geography variable k in cell j,
then
Gk,−i =

1X
G
j∈Ni k,,j
8

(4.14)

is the neighbor control for geography variable k. Similarly, we let
B−i =

1X
Bj
j∈Ni
8

(4.15)

be the border index in the cells neighboring cell i. Now, using (4.14) and
(4.15), we can define
∆Bi = Bi − B−i ,
∆Gk,i = Gk,i − Gk,−i ,

(4.16)

which we shall refer to as the local deviations in the border index, and
geography variable k, respectively, both for cell i. The regression equation can now be written
∆Bi = α + ∆Gi β ∆ + εi ,

(4.17)

where ∆Gi is a vector with elements ∆Gk,i , and β ∆ is the associated
vector of coefficients.
The results from this regression are shown in Table 4.5. The dependent variable is the local deviation in the border index, while the
independent variables are the local deviations in the same geography
variables used in our benchmark specifications in columns (8) and (9) of
Table 4.4. We show results both with and without latitude fixed effects,
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and with a restricted sample in the last two columns (explained below).
To interpret the results in Table 4.5, consider the coefficient on log
ruggedness in column (1), which is precisely estimated and positive.
This means that places that were more rugged than their surroundings
also had more borders than those surroundings. Put differently, borders
seem to gravitate locally toward more rugged locations; unified areas, or
“empires,” spread mostly in non-rugged terrain.
The other results in Table 4.5 indicate that borders tend to gravitate to locations with big rivers, but not small, and away from locations
with rainfed agriculture, which is the opposite of what we found in the
“global” analysis; for suitability for irrigated agriculture, we find no significant local effect.
A possible interpretation could be that empires do not avoid, but are
rather attracted to, areas that are suitable for rainfed agriculture. The
positive effect on border density at the global level could arise because
empires are smaller and fewer in regions that are suitable for rainfed
agriculture, essentially Western Europe, while those empires that do
emerge in these regions primarily seize land that is suitable for the type
of agriculture that is used there. For example, south-eastern England
has higher suitability for rainfed agriculture, and fewer borders, than
Scotland; cf. Figure 4.9.
Mountains also tend to attract borders, although the results now
hold only for mountains over 1000 meters, not 2000 meters. The global
analysis in Table 4.4 showed the reverse pattern. The map in Figure 4.8
may help us understand why. Relatively few mountains exceed 2000
meters, some in the border-dense Alps, and others in the more unified
Caucasus; the Alps drive the positive effect at the global level. Our
local-deviation analysis allows smaller mountains to show an effect, since
these can attract borders in regions that are otherwise relatively flat and
unified, like the Pyrenees, but not in regions where they are surrounded
by other mountains, like the Caucasus.
Overall, the effects of mountains over 1000 meters, log ruggedness,
and big rivers are robust to neighbor controls, while the effects of the
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other variables either change signs or disappear, notably rainfed suitability.
One potential problem with this type of analysis is that each cell
comes to serve both as an observation in itself, and as a neighbor to
another observed cell. One way to avoid this is to drop about eight out
of every nine cells, allowing each cell to be either an observation or a
neighbor, but not both (see Section A.2 in the Appendix.) With such a
drastically reduced sample, the coefficients are less precisely estimated,
as seen in columns (5) and (6) of Table 4.5. However, the results for
log ruggedness and big rivers are remarkably similar to those in the full
sample, and small rivers even come out as more precisely estimated in
the restricted sample.

4.5.4

Other measures of borders

Our analysis so far has been based on the average border frequency
1500-2000 defined in (4.12), or its local-deviation equivalent in (4.16).
As a robustness check, we can also examine outcomes for each of the six
dummies from Euratlas on which we computed the border index, as well
as other types of borders, in particular current borders and language
borders from the GAA and WLMS, respectively (see Section 4.4).
Let bi,j ∈ {0, 1} be the same border dummy as before, equal to one if
cell i had a border in year j, or in this case a current border or a language
border, and zero otherwise. That is, j ∈ {1500, ..., 2000, CB, LB}, with
CB and LB indicating current and language borders, respectively. As
before, let the local deviation in bi,j be ∆bi,j = bi,j − b−i,j , where now
b−i,j is the average of bi,j in the eight closest neighboring cells to cell i,
defined analogously to (4.15).
Table 4.6 shows the results when estimating the same regression
equation as in (4.17), but with the different definitions of ∆bi,j as the
dependent variables. In columns (1)-(6), ∆bi,j denotes the local deviation in each of the Euratlas border dummies, and in columns (7) and
(8), ∆bi,j is the local deviation in current or language border dummies,
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respectively. All specifications include latitude fixed effects.
The coefficient estimates in columns (1)-(6), when significant, mostly
carry the same signs as in Table 4.5, and they are significant for most
years and variables when also significant in Table 4.5. In other words, the
results when using the average border index in (4.12) as the dependent
variable do not seem to be driven by any particular year.
The outcomes when using current and language borders in columns
(7) and (8) are also qualitatively similar, even though these borders
come from different sources and, in the case of language borders, possibly measure something quite different. This suggests that the patterns
documented earlier are not a reflection of any peculiarities in the Euratlas data.

4.5.5
4.5.5.1

Changes in borders over time
Time-variant effects of geography

It is of interest to examine how the effects of geography on borders
have changed over time. Since our Euratlas border dummies, bi,t , vary
both over time (i.e., across the six centuries 1500-2000) and across cells,
we can interact a time trend with each of the explanatory geography
variables, while entering time and century fixed effects. This tells us
how the impact of geography has evolved over time, while filtering out
time trends common to the whole region, and time-invariant features
specific to individual cells.
Recall from Figure 4.5 that the overall border density for the whole
sample declines from 18% in 1500 to 9% in 1900, the year of peak unification, whereafter it rises to 16% in 2000. Our model can explain the
1500-1900 trend towards unification, if we think of the land productivity parameter, Z, as increasing over time; cf. Result 4.2. This makes it
natural to focus on the period 1500-1900 below, and interpret the time
variable as a proxy for Z.6 We want to examine if the effects of rivers
6

Although border locations in 2000 themselves may be closely related to geography,
the change between 1900 and 2000 toward more unification may be more closely
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on borders change over this period in the non-monotonic ways described
by Result 4.3 of the model. (We also discuss other geography variables
below.)
The dependent variable is now the binary border dummy, bi,t . In
Table 4.7, we show the results when estimating different binary logistic regression models. (We report coefficient estimates, rather than the
odds ratios, since we are primarily interested in the signs of the effects.)
Columns (1)-(2) consider the period 1500-1900, and columns (3)-(4) only
1500-1800. The variable century runs from 1 in 1500 to 5 in 1900. When
the coefficient estimate for some variable is insignificant, the interpretation is that the effect of that variable is not changing over time.
The first insight we want to highlight is that the border effect of a
big river does not change much over time when the interaction between
Century and big river is entered alone in column (1). However, there is
an inversely U-shaped pattern when entering a squared Century term
in column (2); the implied peak appears around the mid-18th century.
Vice versa, when only considering the period 1500-1800 in column (3),
a significant linear effect emerges, while the non-linear effect is absent
in column (4). That is, the extent to which rivers serve more as borders
than other cells changes over time, with a peak in their importance
around, or before, 1800.
Clearly, this inversely U-shaped pattern for the effect of rivers on
borders matches Result 4.3. Intuitively, when empires are still growing,
they increase their use of rivers as borders but, eventually, the territory
becomes so consolidated that the empires also swallow the rivers. In our
highly stylized model, this happens at the point when the empire has
taken all territory on the more attractive side of the river, at which point
further conquests occur on the less attractive side, thus shrinking the
segment of the river that constitutes a border.
Other interaction effects are also interesting, although perhaps not
equally consistent with the model, at least in a literal interpretation.
related to sociopolitical factors, different from those captured by our model.
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The effect of mountains (here above 1000 meters) on borders increases
over time, which seems consistent with the model; as productivity increases, and the empire expands, the fragmented region becomes more
concentrated in more elevated areas, which are the ones taken last by
the empire.
However, no similar effect is found for ruggedness, our other proxy
for how mountainous the land is. Its interaction effect is in fact negative,
but not always significant.
The interaction between the century trend and suitability for rainfed agriculture is negative. That is, the positive border effect of rainfed
agriculture becomes weaker over time. This seems to be driven by the
expansion of empires happening later in Western Europe. Around the
Middle East, the corresponding expansions of empires may already have
ended by 1500.
4.5.5.2

Effects of state-size differences

We can also study the effects on border dynamics of the size differential
between the states which share the border. For this purpose, we compute,
for each year and each cell, the log of (one plus) the difference in size
(measured in square kilometers) between the largest and smallest states
entering the cell. For non-border cells, the log size difference is zero. If
the size difference is large, the border separates a large state from a
small one. We would probably expect this to make the smaller state less
likely to survive, thus rendering the border more likely to disappear.
Table 4.8 shows the results when regressing the border dummy in
one century on the border dummy and the log size difference in the
previous century. The lagged border dummy is positive and significant,
and the lagged log size difference comes out as consistently negative and
significant. This holds both without any controls in column (1), and
when using the full set of geography controls from Table 4.7 in column
(2). That is, borders show persistence but less so when a small state
borders a much larger one.
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Columns (3)-(7) enter interactions between the log size difference
and several geography variables. To interpret these results, consider the
positive and precisely estimated coefficient on the term interacting the
log size difference with log ruggedness in column (5). The result implies
that ruggedness counteracts the negative effect of the size difference on
border survival. In other words, the disadvantage of being a small state
abutting a larger one is mitigated by having the border in rugged terrain.
This result resembles that of Nunn and Puga (2012), who find that
African countries in rugged terrain have better resisted the negative
influence of colonial powers. As far as we are aware, we are the first to
note a similar relationship in an Old World context.
Although insignificant at conventional levels, we also note the negative coefficient on the interaction between log size difference and the big
river dummy in column (6). This translates into an extra disadvantage
for small states neighboring larger ones if they are separated by a big
river.

4.5.6
4.5.6.1

Robustness checks
Adding controls

Our results are quite robust to alternative specifications. First, we can
enter controls for the log of (one plus) elevation, rainfall, and temperature into the regressions in Table 4.4, which uses the border index
as the dependent variable.7 The results are shown in Table A.1 in the
Appendix. Elevation does not come out as significant, and does not eliminate the effects of ruggedness or mountains either. Rainfall does come
out as positive and significant without altering any other coefficients,
although we prefer not to use it in our benchmark regressions, since it
may absorb some of the variation that we want the variable suitability
for rainfed agriculture to pick up. Temperature does not come out as
significant at all. Overall, the effects of the other geography variables
are robust to these controls.
7

See Section A.3 of the Appendix for details about the data.
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We also run the regressions corresponding to Table 4.5, with local

deviations in the border index as the dependent variable, adding local
deviations in elevation, rainfall, and temperature as controls. These results are presented in Table A.2. In some specifications, elevation comes
out as significant, rendering ruggedness insignificant (clearly due to multicollinearity), but mostly log ruggedness remains significant while log
elevation comes out as insignificant. The coefficient on rainfall once more
comes out as positive and significant without altering the significance of
other geography variables. Interestingly, the temperature variable comes
out as negative and significant, meaning that locally warmer places are
more unified.
4.5.6.2

The Holy Roman Empire

When we defined border cells (i.e., cells with more than one state),
we used the Euratlas definition of sovereign states. The Euratlas also
provides maps over the Holy Roman Empire (HRE), which existed from
1500 to 1800 and is labeled a supranational state; see Section A.2 in
the Appendix. Whether states under the HRE were sovereign, or not,
is hard to say without a precise definition of the term, and probably
without more detailed historical data than we would be able to find. As
a robustness check, we recalculated all border dummies, and the border
index, treating the area covered by the HRE as a sovereign state in each
of the four years it existed. The result is that many cells lose borders,
but a few others gain borders, since the HRE has some borders that do
not coincide with our previously defined sovereign states. Our border
index changes for 413 of the 5202 cells in our sample; 334 cells record
a decline, and 79 an increase. In short, HRE-adjusting the data lowers
overall border density.
However, when running the same regressions as in Tables 4.4 and
4.5 using the HRE-adjusted border index as the dependent variable, the
results are surprisingly similar; see columns (10) and (11) in Table A.1
and columns (7) and (10) in Table A.2. Intuitively, the changes in the
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border index when HRE-adjusting are not strongly correlated with most
of the geography variables; cf. Table A.3.
4.5.6.3

Spatial correlation

Most of our analysis adjusts the standard errors to control for spatial
correlation using the Conley (1999) method, with cutoffs of 1.45 degrees.
Setting these cutoffs to one or two degrees instead does not qualitatively
alter our results. This holds both without neighbor controls and when
looking at local deviations; see Tables A.4 and A.5.
The local deviations were calculated as deviations from the average
among the eight closest neighboring cells. We can do the same exercise
instead using the 24 closest neighboring cells. As seen in Table A.5, the
results are largely unchanged.

4.6

Conclusion

Does geography determine where the borders between sovereign states
are located? To answer this, we have examined grid-cell level data across
Europe and surrounding areas from 1500 to 2000, in a sample of cells
with statehood present in all these years. Various measures of geography
do indeed correlate with borders: mountains, rivers, and vicinity to the
coast. Interestingly, suitability for rainfed agriculture shows a positive
correlation with border density, and suitability for irrigated agriculture
shows a negative correlation.
To address issues of spatial correlation, we conducted several robustness checks. For example, we looked at local deviations from neighboring
cells. Once more, we found that cells with more rivers, more mountains,
and more rugged terrain than neighboring cells also have more borders
than neighboring cells. This suggests that borders gravitate toward certain geographical locations, or—to phrase it differently—that empires
expand in certain geographical environments.
When looking at local deviations, we also found that borders move
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away from locations with a high suitability for rainfed agriculture, which
is the opposite of what we found at the “global” level (i.e., without spatial controls); there are no significant results for local deviations in the
suitability for irrigated agriculture. The interpretation is that empires
are smaller and fewer in regions that are suitable for rainfed agriculture,
but when they exist, such empires do expand into locations that are
more suitable for rainfed agriculture.
We also examined how the importance of geography has changed
over time since 1500. One finding was that the extent to which rivers
have more borders than other cells changes over time. That river effect
peaks around, or before, 1800.
These patterns can be understood from a very simple model where
an empire weighs the costs and benefits of expanding their territories,
thus swallowing smaller countries.
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Tables and Figures

5202
5202
5202
5202
5202
5202
5202
5202
5202
5202
5202
5202
5202
5202
5202
5202
5202
5202
5202
5202
5202

Std. Dev.
.38
.35
.35
.3
.28
.36
.24
.37
.48
.14
.32
1.09
1.28
.34
.36
.27
.29
.13
5.8
.84
.44

Mean
.18
.15
.15
.1
.09
.16
.14
.17
.37
.02
.12
5.48
4.12
.13
.15
.47
.35
.13
11.04
1.7
.26
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
−1.01
0
0

Min
1
1
1
1
1
1
1
1
1
1
1
7.91
7.07
1
1
1
1
.69
30.31
6.37
1

Max
0
0
0
0
0
0
0
0
0
0
0
4.07
2.57
0
0
0
0
.01
4.66
.63
0

P10
0
0
0
0
0
0
0
0
0
0
0
5.37
4.01
0
0
.49
.31
.09
9.64
1.66
0

P50

1
1
1
1
0
1
.5
1
1
0
1
7.02
5.84
1
1
.8
.78
.32
19.62
2.69
1

P90

Notes: Summary statistics for the 5202 cells in our benchmark sample. Border frequency 1500-2000 refers to the average fraction
of years in which a cell had a border 1500-2000 in the Euratlas data. Current and language border dummies are calculated from
other sources than Euratlas (see the text for details).

Border dummy 1500
Border dummy 1600
Border dummy 1700
Border dummy 1800
Border dummy 1900
Border dummy 2000
Border frequency 1500-2000
Current border dummy
Language border dummy
Mountain >2000m
Mountain >1000m
Log elevation
Log ruggedness
Big river dummy
Small river dummy
Ag. suit. rainfed
Ag. suit. irrig.
Log dist. to coast
Temperature
Rainfall
Coast dummy

Obs.

Table 4.1: Summary statistics.
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0.499
(0.000)

0.538
(0.000)

0.419
(0.000)

0.230
(0.000)

0.228
(0.000)

0.719
(0.000)

0.215
(0.000)

0.080
(0.000)

Border dummy 1600

Border dummy 1700

Border dummy 1800

Border dummy 1900

Border dummy 2000

Border frequency

Current border dummy

Language border dummy

0.107
(0.000)

0.200
(0.000)

0.722
(0.000)

0.217
(0.000)

0.224
(0.000)

0.395
(0.000)

0.630
(0.000)

1.000

Border 1600

0.120
(0.000)

0.269
(0.000)

0.815
(0.000)

0.291
(0.000)

0.342
(0.000)

0.581
(0.000)

1.000

Border 1700

0.099
(0.000)

0.287
(0.000)

0.721
(0.000)

0.305
(0.000)

0.385
(0.000)

1.000

Border 1800

0.227
(0.000)

0.433
(0.000)

0.600
(0.000)

0.458
(0.000)

1.000

Border 1900

0.510
(0.000)

0.913
(0.000)

0.599
(0.000)

1.000

Border 2000

0.274
(0.000)

0.555
(0.000)

1.000

Border freq.

0.526
(0.000)

1.000

Current border

Notes: Unconditional pairwise correlation coefficients between the different border variables, with p-values in parentheses. Border frequency is the average
of the border dummies 1500-2000, denoted Bi in the text, and interchangeably referred to as the border index.

1.000

Border dummy 1500

Border 1500

Table 4.2: Cross-correlations between different border variables.

186
STATE FRAGMENTATION

0.085
(0.000)

0.086
(0.000)

0.119
(0.000)

0.147
(0.000)

0.138
(0.000)

0.094
(0.000)

0.110
(0.000)

-0.038
(0.006)

-0.041
(0.003)

-0.108
(0.000)

Mountain >2000m

Mountain >1000m

Log elevation

Log ruggedness

Big river dummy

Small river dummy

Ag. suit. rainfed

Ag. suit. irrig.

Log dist. to coast

Coast dummy

-0.082
(0.000)

0.010
(0.451)

-0.053
(0.000)

-0.066
(0.000)

0.017
(0.212)

-0.020
(0.147)

0.204
(0.000)

0.284
(0.000)

0.382
(0.000)

1.000

Mountain
>2000m

-0.197
(0.000)

-0.038
(0.006)

-0.123
(0.000)

-0.076
(0.000)

0.070
(0.000)

-0.048
(0.001)

0.474
(0.000)

0.613
(0.000)

1.000

Mountain
>1000m

-0.360
(0.000)

0.122
(0.000)

-0.039
(0.005)

0.058
(0.000)

0.108
(0.000)

-0.057
(0.000)

0.812
(0.000)

1.000

Log
elevation

-0.023
(0.101)

-0.246
(0.000)

-0.086
(0.000)

-0.072
(0.000)

0.060
(0.000)

-0.078
(0.000)

1.000

Log
ruggedness

-0.172
(0.000)

0.102
(0.000)

0.134
(0.000)

0.076
(0.000)

-0.162
(0.000)

1.000

Big river
dummy

-0.175
(0.000)

0.096
(0.000)

0.129
(0.000)

0.208
(0.000)

1.000

Small river
dummy

-0.355
(0.000)

0.340
(0.000)

0.544
(0.000)

1.000

Ag. suit.
rainfed

-0.155
(0.000)

0.178
(0.000)

1.000

Ag. suit.
irrig.

-0.551
(0.000)

1.000

Log dist.
to coast

Notes: Unconditional pairwise correlation coefficients between border frequency [defined as in Eq. (4.12)], and some geography variables, with p-values in parentheses.

1.000

Border frequency

Border
frequency

Table 4.3: Cross-correlations between the border index and some geography variables.

TABLES AND FIGURES
187

∗∗∗

∗∗∗

0.01
5202

No

0.064
(0.023)

(2)
∗∗

0.03
5202

No

0.025∗∗∗
(0.005)

0.099
(0.047)

(3)

0.06
5202

No

0.026∗∗∗
(0.005)
0.118∗∗∗
(0.018)
0.074∗∗∗
(0.015)

0.100
(0.046)

∗∗

∗∗

0.07
5202

No

0.027∗∗∗
(0.005)
0.111∗∗∗
(0.018)
0.060∗∗∗
(0.015)
0.083∗∗∗
(0.017)

0.109
(0.046)

(5)
∗∗

0.06
5202

No

−0.052∗∗∗
(0.018)

0.025∗∗∗
(0.005)
0.125∗∗∗
(0.019)
0.081∗∗∗
(0.015)

0.095
(0.045)

(6)
∗∗

0.08
5202

No

0.026∗∗∗
(0.005)
0.122∗∗∗
(0.018)
0.063∗∗∗
(0.015)
0.154∗∗∗
(0.022)
−0.126∗∗∗
(0.023)

0.106
(0.046)

(7)
∗∗

0.09
5202

No

0.021∗∗∗
(0.005)
0.118∗∗∗
(0.018)
0.061∗∗∗
(0.015)
0.163∗∗∗
(0.023)
−0.124∗∗∗
(0.023)
−0.216∗∗∗
(0.049)
−0.043∗∗∗
(0.013)

0.110
(0.046)

(8)

Dependent variable: Border frequency 1500-2000
(4)

0.09
5202

No

0.003
(0.023)
0.023∗∗∗
(0.006)
0.117∗∗∗
(0.018)
0.061∗∗∗
(0.015)
0.158∗∗∗
(0.023)
−0.124∗∗∗
(0.023)
−0.210∗∗∗
(0.049)
−0.045∗∗∗
(0.013)

(9)

∗∗∗

0.20
5202

Yes

0.041∗∗∗
(0.006)
0.105∗∗∗
(0.016)
0.061∗∗∗
(0.014)
−0.003
(0.029)
−0.112∗∗∗
(0.022)
−0.245∗∗∗
(0.056)
−0.049∗∗∗
(0.013)

0.115
(0.040)

(10)

0.20
5202

Yes

0.038∗
(0.020)
0.039∗∗∗
(0.006)
0.105∗∗∗
(0.016)
0.060∗∗∗
(0.014)
−0.007
(0.029)
−0.108∗∗∗
(0.022)
−0.238∗∗∗
(0.057)
−0.046∗∗∗
(0.013)

(11)

Notes: Ordinary least squares regressions with Conley standard errors in parentheses assuming spatial autocorrelation among observations within 1.45 degrees of
each other. The dependent variable is the fraction years 1500-2000 that the cell had a border (Bi ). Columns (10) and (11) add latitude fixed effects. * indicates
p <0.10, ** p <0.05, and *** p <0.01.

No

0.01
5202

R2
Number of obs.

0.148
(0.049)

Latitude F.E.

Coast dummy

Log dist. to coast

Ag. suit. irrig.

Ag. suit. rainfed

Small river dummy

Big river dummy

Log ruggedness

Mountain >1000m

Mountain >2000m

(1)

Table 4.4: Geography and the border index.

188
STATE FRAGMENTATION

(2)

0.04
5202

Yes

0.027∗∗∗
(0.005)
0.061∗∗∗
(0.011)
0.016
(0.010)
−0.092∗∗
(0.036)
0.008
(0.018)
−0.456
(0.314)
−0.002
(0.010)

0.048
(0.037)

0.03
5202

No

0.070∗∗∗
(0.019)
0.026∗∗∗
(0.005)
0.063∗∗∗
(0.011)
0.015
(0.010)
−0.077∗∗
(0.035)
0.013
(0.018)
−0.491
(0.307)
0.000
(0.010)

(3)

0.04
5202

Yes

0.071∗∗∗
(0.018)
0.026∗∗∗
(0.005)
0.061∗∗∗
(0.011)
0.017∗
(0.010)
−0.087∗∗
(0.034)
0.015
(0.018)
−0.517∗
(0.309)
0.002
(0.010)

(4)

(5)

0.06
584

Yes

0.026∗∗
(0.012)
0.058∗∗
(0.024)
0.045∗
(0.023)
−0.093
(0.076)
−0.072∗
(0.041)
−1.321
(0.855)
0.016
(0.028)

0.063
(0.113)

0.07
584

Yes

0.039
(0.034)
0.025∗∗
(0.012)
0.058∗∗
(0.024)
0.046∗∗
(0.023)
−0.093
(0.076)
−0.068
(0.041)
−1.297
(0.849)
0.020
(0.029)

(6)

Notes: Ordinary least squares regressions with Conley standard errors in parentheses, computed under
the same assumptions as in Table 4.4. The dependent and independent variables for cell i measure local
deviations, defined as the difference between the value for cell i itself and its eight closest neighboring
cells. That is, the dependent variable measures how much the border index (Bi ) deviates from its eight
closest neighbors, and similarly for the independent geography variables. Columns (2), (4), (5), and (6)
add latitude fixed effects. Columns (5) and (6) use a subset of the sample such that for each cell that is
kept, the eight closest neighboring cells are dropped. * indicates p <0.10, ** p <0.05, and *** p <0.01.

No
0.03
5202

R2
Number of obs.

0.028∗∗∗
(0.005)
0.063∗∗∗
(0.011)
0.014
(0.010)
−0.083∗∗
(0.037)
0.007
(0.018)
−0.429
(0.312)
−0.004
(0.010)

0.047
(0.037)

(1)

Latitude F.E.

∆ Coast dummy

∆ Log dist. to coast

∆ Ag. suit. irrig.

∆ Ag. suit. rainfed

∆ Small river dummy

∆ Big river dummy

∆ Log ruggedness

∆ Mountain >1000m

∆ Mountain >2000m

Dependent variable: ∆ Border frequency 1500-2000

Table 4.5: Geography and the border index, deviations from neighboring cells.
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Yes
0.03
5202

0.03
5202

Yes

0.049∗
(0.026)
0.029∗∗∗
(0.007)
0.078∗∗∗
(0.017)
0.019
(0.015)
−0.091∗
(0.050)
−0.022
(0.028)
−0.046
(0.496)
0.026
(0.017)

1700
(3)

0.03
5202

Yes

0.074∗∗∗
(0.026)
0.020∗∗∗
(0.007)
0.067∗∗∗
(0.016)
0.033∗∗
(0.013)
−0.094∗∗
(0.046)
−0.017
(0.025)
−0.846∗∗
(0.411)
0.009
(0.015)

1800
(4)

0.03
5202

Yes

0.122∗∗∗
(0.025)
0.025∗∗∗
(0.007)
0.045∗∗∗
(0.017)
0.027∗∗
(0.013)
−0.121∗∗∗
(0.044)
0.018
(0.026)
−0.281
(0.409)
0.004
(0.013)

1900
(5)

0.03
5202

Yes

0.110∗∗∗
(0.028)
0.032∗∗∗
(0.008)
0.066∗∗∗
(0.022)
0.028
(0.017)
−0.095∗
(0.055)
0.053
(0.038)
−0.537
(0.577)
−0.023
(0.020)

2000
(6)

0.03
5202

Yes

0.083∗∗∗
(0.029)
0.025∗∗∗
(0.009)
0.066∗∗∗
(0.021)
0.016
(0.017)
−0.120∗∗
(0.052)
0.070∗∗
(0.035)
−1.118∗
(0.572)
−0.012
(0.021)

Current
(7)

0.03
5202

Yes

0.064∗∗
(0.029)
0.038∗∗∗
(0.010)
0.046∗∗
(0.021)
0.012
(0.022)
−0.043
(0.055)
0.069∗
(0.042)
−1.277∗
(0.723)
0.005
(0.024)

Language
(8)

Notes: Ordinary least squares regressions with Conley standard errors in parentheses, computed under the same assumptions as
in Table 4.4. As in Table 4.5, the dependent and independent variables are local deviations from the eight closest neighboring
cells. In columns (1) to (6), the dependent variables are the deviations in the Euratlas border dummies (bi,t ) for the years
indicated. In columns (7) and (8), the dependent variables are the local deviations in the current and language border dummies,
computed from other sources (see the text). All columns include latitude fixed effects. * indicates p <0.10, ** p <0.05, and ***
p <0.01.

Yes

0.03
5202

R2
Number of obs.

0.008
(0.021)
0.025∗∗∗
(0.007)
0.049∗∗∗
(0.015)
0.007
(0.014)
−0.084∗
(0.045)
0.041
(0.029)
−0.787
(0.510)
−0.001
(0.019)

0.064∗∗
(0.029)
0.023∗∗
(0.009)
0.064∗∗∗
(0.017)
−0.011
(0.019)
−0.035
(0.053)
0.015
(0.031)
−0.603
(0.554)
−0.002
(0.020)

Latitude F.E.

∆ Coast dummy

∆ Log dist. to coast

∆ Ag. suit. irrig.

∆ Ag. suit. rainfed

∆ Small river dummy

∆ Big river dummy

∆ Log ruggedness

∆ Mountain >1000m

1600
(2)

1500
(1)

Dependent variable: ∆ Border dummy

Table 4.6: Other measures of borders.
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Table 4.7: Geography interacted with a time trend.
Dependent variable: Border dummy
(1)
Mountain >1000m × Century
Log ruggedness × Century
Big river dummy × Century
Small river dummy × Century
Ag. suit. rainfed × Century
Ag. suit. irrig. × Century
Log dist. to coast × Century
Coast dummy × Century

(2)
∗∗

0.146
(0.065)
−0.009
(0.017)
0.047
(0.052)
0.121∗∗
(0.049)
−0.283∗∗∗
(0.102)
0.084
(0.080)
0.194
(0.223)
−0.114∗
(0.063)

Big river × Century sq.

(3)
∗∗

0.145
(0.065)
−0.009
(0.017)
0.747∗∗∗
(0.235)
0.118∗∗
(0.049)
−0.286∗∗∗
(0.101)
0.084
(0.080)
0.191
(0.223)
−0.115∗
(0.063)
−0.119∗∗∗
(0.039)

(4)
∗∗

0.243
(0.099)
−0.083∗∗∗
(0.025)
0.189∗∗
(0.076)
0.053
(0.074)
0.125
(0.152)
−0.373∗∗∗
(0.115)
0.154
(0.321)
−0.028
(0.091)

0.244∗∗
(0.099)
−0.083∗∗∗
(0.025)
0.477
(0.382)
0.052
(0.073)
0.124
(0.152)
−0.374∗∗∗
(0.115)
0.154
(0.321)
−0.028
(0.091)
−0.059
(0.077)

Cell F.E.
Century F.E.

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Pseudo R2
Number of obs.

0.09
7395

0.09
7395

0.09
4724

0.09
4724

Notes: Logistic regressions with standard errors in parentheses. The dependent variable is the border dummy (bi,t ). Columns (1) and (2) use the sample period 1500-1900,
and columns (3) and (4) the period 1500-1800. All columns include cell and century
(time) fixed effects. * indicates p <0.10, ** p <0.05, and *** p <0.01.

(2)

(4)

(5)

(7)
3.666∗∗∗
(0.542)
−0.314∗∗∗
(0.041)

0.11
4616

0.12
4616

0.12
4616

0.12
4616

0.12
4616

Notes: Logistic regressions with standard errors in parentheses. The dependent variable is the border dummy (bi,t ).
The main independent variable is the log of (one plus) the difference in size between the largest and smallest states
in each cell in the previous period. The sample period is 1600-1900. Columns (2) to (7) include the same controls
as in Table 4.7, i.e., geography variables interacted with a linear time trend, and the big river dummy interacted
with both linear and quadratic time trends. An exception is column (3), which uses the mountain dummy above
1000 meters, instead of 2000 meters, interacted with the time trend. All columns include cell and century (time)
fixed effects. * indicates p <0.10, ** p <0.05, and *** p <0.01.

0.11
4616

0.10
4616

Yes
Yes
Yes

−0.025
(0.016)

3.592∗∗∗
(0.542)
−0.301∗∗∗
(0.041)

(6)

Pseudo R2
Number of obs.

Yes
Yes
Yes

0.017∗∗∗
(0.005)

3.813∗∗∗
(0.545)
−0.396∗∗∗
(0.047)

Yes
Yes
Yes

Yes
Yes
Yes

0.040∗∗
(0.016)

3.754∗∗∗
(0.544)
−0.324∗∗∗
(0.041)

No
Yes
Yes

Yes
Yes
Yes

3.702∗∗∗
(0.543)
−0.314∗∗∗
(0.041)
0.042
(0.029)

(3)

Geography controls
Cell F.E.
Century F.E.

Yes
Yes
Yes

3.654∗∗∗
(0.542)
−0.310∗∗∗
(0.041)

0.012
(0.015)

3.656∗∗∗
(0.536)
−0.308∗∗∗
(0.040)

(1)

× Small river dummy

× Big river dummy

× Log ruggedness

× Mountain >1000

× Mountain >2000

Log diff. in sizet−1

Border dummyt−1

Dependent variable: Border dummy

Table 4.8: Difference in state size and persistence of borders.
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0

Gross cell product per capita in 2005
5
10
15

20

Figure 4.1: Means of gross cell product per capita (2005) by border
frequency 1500-2000 (Bi ).

0

1/6

1/3
1/2
2/3
Border frequency 1500−2000 (Bi)

5/6

1

Notes: Gross cell product per capita is the gross cell product in 2005 (in USD, PPP
exchange rates) over the grid cell population in 2005. The source is the G-Econ
Database at Yale University (gecon.yale.edu).

Notes: Gross cell product per capita is calculated as in Figure 4.2.

Figure 4.2: Border frequency 1500-2000 (Bi ), and spatial distribution of GDP per capita in 2005.
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Figure 4.3: A territory and a river.
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Figure 4.4: Effects on x and R when changing Z.
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P5202
i=1

bi,t /5202).
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Mean border dummy
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Figure 4.5: Border frequency by year (

1500
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1700

1800
Year

1900

2000

Figure 4.6: Coastal cells, cells with state presence 1500-2000, and border cells in 1500 and 1900, respectively.
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Figure 4.7: Means of geography variables by border frequency 1500-2000 (Bi ).

1

1

TABLES AND FIGURES
199

Figure 4.8: Cells with high border frequency 1500-2000 (Bi ≥ 5/6), mountains over 1000 and 2000 meters, and
big rivers.
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Figure 4.9: Cells with above-median suitability for irrigated agriculture, and below-median suitability for rainfed
agriculture.

TABLES AND FIGURES
201

202

STATE FRAGMENTATION

Appendix
Data
A.1

Cell size

The cells are squares with sides of length 0.5 degrees, and span from
−19.25 to 51.5 degrees longitude, and from 19.25 to 60.25 degrees latitude. One degree is about 111 kilometers at the equator; the exact length
depends on where on earth it is measured.

A.2
A.2.1

Border variables
Euratlas data (1500-2000)

The border data were purchased from Euratlas (www.euratlas.com), ©
2010 Christos Nüssli. For each turn of the century from 1 to 2000 CE,
the Euratlas data contain shapefiles for different political formations in
Europe and its surroundings. We define a cell as having a border if it
contains more than one sovereign state, which is defined by Euratlas as
a state with an authority, ruling over a territory and a population, and
where “this authority is sovereign, i.e. not subject to any other power or
state” (Nüssli 2010).
Because we define border cells as those with more than one sovereign
state, we in effect consider only (or mostly) land borders. Coasts, which
make up the contours of many sovereign states, e.g. England, are typically not counted as borders. The exception is when two sovereign states
enter the same cell from opposite sides of a narrow strait. For example,
France and England/UK share a border in a few cells by the English
Channel.
Spatial and temporal focus For the first several centuries after 1
CE, it is unclear if (sovereign) statehood meant the same as today, as
central government capacities were often limited. Many of the mechanisms through which state fragmentation might have impacted economic
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and institutional development may not have been at play either. Here,
we measure borders from 1500 (i.e., in 1500, 1600, 1700, 1800, 1900, and
2000).
Over this time span, more regions have come to be covered by states.
Since our ambition is to analyze how geography correlates with state
fragmentation, rather than the presence of states in the first place (an
interesting question in itself), we restrict the attention to cells where
some state was present in all years 1500-2000. This results in a dataset
of 5202 cells, with border dummies for six different years (1500 to 2000).
In the regressions in Table 4.5, columns (5)-(6), we restrict the sample
to let cells be either observations, or neighbors of observations, but never
both. To this end, we create two dummy variables: one selects every
third longitude when going from west to east, and the other every third
latitude when going from north to south. We then select the cells for
which the product of these two dummy variables equals one to serve as
observations, while the remaining cells serve as neighbors.
The Holy Roman Empire

The polygons of the Holy Roman Empire

(HRE) are also from Euratlas. To create a polygon where the HRE
is unified, we overwrite the polygons of the sovereign states using the
HRE polygons. This is done for each of the four years when the HRE
existed according to the Euratlas data (i.e., for 1500, 1600, 1700, and
1800), applying the Update tool in ArcGIS. We then create new border
dummies using the methodology described above.
A.2.2

Language and current borders

Data on borders between language areas are from the World Language
Mapping System (www.worldgeodatasets.com/language).
Current state border data are from Global Administrative Areas Version 2 (www.gadm.org). We do not know to which specific point in time
that these current borders refer, but the GADM Version 2 data that
we use were posted in January 2012. As discussed, current borders are
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highly correlated with the Euratlas border dummy for 2000.

A.3

Geography variables

Data on elevation (topography) are from the National Geophysical Data
Centre (NGDC) (www.ngdc.noaa.gov/mgg/topo/globe.html) at the National Oceanic and Atmospheric Administration (NOAA).
These data refer to land areas only and are provided at the 30-arcsecond (about one kilometer) grid-cell level. For each cell that we use
as unit of observation (of size 0.5 × 0.5 degrees), there are thus at most
3600 elevation points, depending on how much of it is covered by land.
We also use the 1:10 million scale land polygons, available from Natural Earth (NE) (www.naturalearthdata.com), and define sea cells as
those cells for which either the NGDC elevation data, or the NE’s land
data, are completely missing. Cells that are not sea cells are land cells
(i.e., they do not miss NGDC or NE data).
We define coastal cells as those land cells which are intersected with
coastlines from the NE’s 1:10 million scale coastline polygons; these follow the contour of the land polygons almost exactly.8
To measure distance to coast, we calculate the distance from the
centroid of each cell to the nearest point on the coastlines using the
Near tool in ArcGIS.
In our baseline sample of 5202 land cells with state presence in all
years, about 73 cells have negative elevation. In order not to drop these
cells when constructing our variable log elevation, we take logs of elevation exceeding (one plus) the lowest level in the sample. That is, if
b is the minimum
xi denotes mean elevation of cell i (in meters) and x

xi across the 5202 cells (which in our baseline sample is −28 meters,
located around the Caspian Sea), then log elevation is constructed as
b),
ln(1 + xi − x

(4.18)

8
The shapes of these polygons are slightly different in a few locations, but we use
the coastline polygon to define coast cells to be consistent with the definition of our
distance-to-coast variable, described below.
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which equals zero for the cell with the lowest elevation. For consistency,
we do the same when generating log ruggedness; in this case, xi is the
b is the minimum
standard deviation in elevation across the cell, and x

standard deviation across all 5202 cells, which equals zero.
We also construct two dummy variables indicating whether or not a
big or small river is present in a cell. These are based on the Natural
Earth data set (see above). First, we use a shapefile called Rivers and
Lake Centerlines at the scale 1:10 million, to map both rivers and lake
centerlines. We then use a different shapefile called Lakes and Reservoirs,
also at the scale 1:10 million, to remove the lake centerlines. We are left
with river lines.
We define a big river as a river with a so-called scale rank smaller
than or equal to 6, on a 0-9 scale. Small rivers are those with scale ranks
strictly greater than 6. If there are several rivers with different ranks
within a cell, we ignore rivers of higher rank (smaller size). According
to the NE, scale rank measures how much one needs to zoom in to see
the river in question on a map. Larger rivers seem to be assigned lower
scale ranks overall, so we refer to this as a measure of size.

A.4

Agricultural variables

The source for the agricultural suitability data is the Global AgroEcological Zones (GAEZ) website (www.fao.org/nr/gaez), sponsored by
the Food and Agriculture Organization of the United Nations (FAO).
This suitability index measures agricultural output of some given
crop and level of input, relative to the output level for the same crop
and the same level of inputs, but under perfect environmental conditions,
and based on the climatic conditions 1960-90.
The data sources also distinguish between two types of water supply,
rain and irrigation. The variables we construct refer to the average of
wheat, barley, oats and rye, under intermediate inputs, and for each of
the two water-supply categories. We normalize these variables to run
from 0 to 1 (the original scale runs from 0 to 10,000).
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Climate variables

The source of rainfall and temperature is the Global Agro-Ecological
Zones (GAEZ) website (see above). We use total annual rainfall (precipitation) measured in millimeters, and mean annual temperature measured in degrees Celsius, both averages for the period 1960-90. The rainfall variable is normalized to millimeters per day by dividing by 365. For
consistency, we then compute log rainfall and log temperature applying
the same method as we did for log elevation and log ruggedness; see
(4.18).

Tables

0.20
5202

0.21
5202

0.20
5202

0.21
5202

Yes
No

0.033
(0.006)
0.106∗∗∗
(0.016)
0.057∗∗∗
(0.013)
−0.013
(0.030)
−0.111∗∗∗
(0.022)
−0.216∗∗∗
(0.057)
−0.060∗∗∗
(0.014)
0.044∗∗∗
(0.011)
0.001
(0.035)

∗∗∗

0.116∗∗∗
(0.044)

(6)

0.20
5202

Yes
No

0.031
(0.006)
0.106∗∗∗
(0.016)
0.057∗∗∗
(0.013)
−0.017
(0.030)
−0.107∗∗∗
(0.022)
−0.220∗∗∗
(0.058)
−0.056∗∗∗
(0.014)
0.043∗∗∗
(0.011)
−0.014
(0.037)

∗∗∗

0.032
(0.020)

(7)

0.21
5202

Yes
No

−0.003
(0.010)
0.034∗∗∗
(0.008)
0.106∗∗∗
(0.016)
0.057∗∗∗
(0.013)
−0.013
(0.030)
−0.111∗∗∗
(0.022)
−0.213∗∗∗
(0.056)
−0.061∗∗∗
(0.015)
0.044∗∗∗
(0.011)
−0.002
(0.036)

0.117∗∗∗
(0.044)

(8)

0.20
5202

Yes
No

0.035
(0.022)
−0.007
(0.011)
0.035∗∗∗
(0.008)
0.106∗∗∗
(0.016)
0.056∗∗∗
(0.013)
−0.016
(0.030)
−0.107∗∗∗
(0.022)
−0.212∗∗∗
(0.056)
−0.059∗∗∗
(0.015)
0.044∗∗∗
(0.011)
−0.018
(0.037)

(9)

0.14
5202

Yes
Yes

−0.000
(0.009)
0.020∗∗∗
(0.007)
0.072∗∗∗
(0.013)
0.041∗∗∗
(0.012)
0.026
(0.025)
−0.044∗∗∗
(0.017)
−0.148∗∗∗
(0.050)
−0.028∗∗
(0.013)
0.029∗∗∗
(0.009)
−0.033
(0.031)

0.105∗∗∗
(0.039)

(10)

0.14
5202

Yes
Yes

0.037∗
(0.020)
−0.005
(0.010)
0.021∗∗∗
(0.007)
0.071∗∗∗
(0.013)
0.040∗∗∗
(0.012)
0.024
(0.025)
−0.040∗∗
(0.017)
−0.142∗∗∗
(0.052)
−0.026∗
(0.013)
0.029∗∗∗
(0.009)
−0.044
(0.033)

(11)

Notes: Ordinary least squares regressions with Conley standard errors in parentheses, computed under the same assumptions as in Table 4.4. The dependent
variable is the fraction years 1500-2000 that the cell had a border (Bi ). All columns include latitude fixed effects. Columns (10) and (11) treat the Holy Roman
Empire as unified. * indicates p <0.10, ** p <0.05, and *** p <0.01.

0.20
5202

0.20
5202

R2
Number of obs.

0.041
(0.006)
0.105∗∗∗
(0.016)
0.061∗∗∗
(0.014)
−0.003
(0.030)
−0.113∗∗∗
(0.022)
−0.243∗∗∗
(0.057)
−0.050∗∗∗
(0.013)

∗∗∗

Yes
No

Yes
No

0.033
(0.006)
0.106∗∗∗
(0.016)
0.057∗∗∗
(0.013)
−0.013
(0.030)
−0.111∗∗∗
(0.022)
−0.217∗∗∗
(0.056)
−0.060∗∗∗
(0.013)
0.044∗∗∗
(0.011)

∗∗∗

0.116∗∗∗
(0.044)

Yes
No

Yes
No

0.010
(0.010)
0.036∗∗∗
(0.008)
0.106∗∗∗
(0.016)
0.061∗∗∗
(0.014)
−0.012
(0.030)
−0.112∗∗∗
(0.022)
−0.253∗∗∗
(0.055)
−0.046∗∗∗
(0.015)

0.116∗∗∗
(0.040)

(5)

Dependent variable: Border frequency 1500-2000
(4)

Latitude F.E.
HRE adj.

Yes
No

0.039
(0.006)
0.105∗∗∗
(0.016)
0.060∗∗∗
(0.014)
−0.007
(0.029)
−0.108∗∗∗
(0.022)
−0.238∗∗∗
(0.057)
−0.046∗∗∗
(0.013)

∗∗∗

0.038∗
(0.020)

(3)

0.003
(0.035)

0.041
(0.006)
0.105∗∗∗
(0.016)
0.061∗∗∗
(0.014)
−0.003
(0.029)
−0.112∗∗∗
(0.022)
−0.245∗∗∗
(0.056)
−0.049∗∗∗
(0.013)

∗∗∗

0.115∗∗∗
(0.040)

(2)

Log temperature

Log rainfall

Coast dummy

Log dist. to coast

Ag. suit. irrig.

Ag. suit. rainfed

Small river dummy

Big river dummy

Log ruggedness

Log elevation

Mountain >1000m

Mountain >2000m

(1)

Table A.1: Additional controls: Geography and the border index.
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∗∗∗

0.04
5202

R2
Number of obs.

∗∗∗

0.04
5202

Yes
No

0.039
(0.011)
0.009
(0.006)
0.066∗∗∗
(0.011)
0.019∗∗
(0.010)
−0.102∗∗∗
(0.036)
0.016
(0.018)
−0.617∗
(0.315)
0.010
(0.011)

(2)

0.04
5202

Yes
No

0.024∗∗∗
(0.005)
0.062∗∗∗
(0.011)
0.017∗
(0.010)
−0.089∗∗∗
(0.034)
0.016
(0.018)
−0.432
(0.317)
0.002
(0.010)
0.074∗∗
(0.037)

∗

0.05
5202

Yes
No

−0.178∗∗∗
(0.062)

0.020∗∗∗
(0.005)
0.062∗∗∗
(0.011)
0.019∗∗
(0.010)
−0.062∗
(0.033)
0.017
(0.018)
−0.608∗∗
(0.310)
0.010
(0.010)

0.038
(0.021)

(4)
∗

0.05
5202

Yes
No

0.019∗∗∗
(0.005)
0.063∗∗∗
(0.011)
0.019∗∗
(0.010)
−0.064∗∗
(0.033)
0.019
(0.018)
−0.527∗
(0.319)
0.010
(0.010)
0.071∗
(0.038)
−0.177∗∗∗
(0.062)

0.038
(0.021)

(5)
∗

0.05
5202

Yes
No

0.037
(0.020)
0.008
(0.011)
0.016∗∗
(0.006)
0.064∗∗∗
(0.011)
0.020∗∗
(0.010)
−0.067∗∗
(0.033)
0.020
(0.018)
−0.554∗
(0.322)
0.012
(0.011)
0.071∗
(0.038)
−0.166∗∗
(0.068)

(6)
∗∗

0.05
5202

Yes
Yes

0.043
(0.021)
0.011
(0.012)
0.012∗
(0.006)
0.061∗∗∗
(0.011)
0.023∗∗
(0.010)
−0.065∗∗
(0.033)
0.026
(0.018)
−0.467
(0.320)
0.012
(0.011)
0.065∗
(0.037)
−0.142∗∗
(0.067)

(7)

Dependent variable: ∆ Border frequency 1500-2000

∗∗∗

0.071
(0.018)

(3)

0.05
5202

Yes
No

0.025∗∗∗
(0.005)
0.053∗∗∗
(0.012)
0.024∗∗
(0.010)
−0.045
(0.028)
0.010
(0.017)
−0.107
(0.249)
0.019∗
(0.011)
0.077∗∗∗
(0.029)
−0.136∗∗∗
(0.044)

0.028
(0.019)

(8)
∗

0.05
5202

Yes
No

0.033
(0.018)
0.004
(0.010)
0.022∗∗∗
(0.006)
0.051∗∗∗
(0.011)
0.026∗∗∗
(0.010)
−0.052∗
(0.029)
0.021
(0.018)
0.009
(0.251)
0.020∗
(0.012)
0.068∗∗
(0.028)
−0.111∗∗
(0.048)

(9)

0.05
5202

Yes
Yes

0.028
(0.019)
0.003
(0.009)
0.024∗∗∗
(0.006)
0.053∗∗∗
(0.011)
0.024∗∗
(0.010)
−0.046
(0.029)
0.010
(0.017)
−0.117
(0.253)
0.020∗
(0.011)
0.077∗∗∗
(0.029)
−0.132∗∗∗
(0.048)

(10)

Notes: Ordinary least squares regressions with Conley standard errors in parentheses, computed under the same assumptions as in Table 4.4. As in Table 4.5,
the dependent and independent variables are local deviations from the eight closest neighboring cells. All columns include latitude fixed effects. Columns
(7) and (10) treat the Holy Roman Empire as unified. * indicates p <0.10, ** p <0.05, and *** p <0.01.

Yes
No

0.026∗∗∗
(0.005)
0.061∗∗∗
(0.011)
0.017∗
(0.010)
−0.087∗∗
(0.034)
0.015
(0.018)
−0.517∗
(0.309)
0.002
(0.010)

0.071
(0.018)

Latitude F.E.
HRE adj.

∆ Log temperature

∆ Log rainfall

∆ Coast dummy

∆ Log dist. to coast

∆ Ag. suit. irr.

∆ Ag. suit. rainfed

∆ Small river dummy

∆ Big river dummy

∆ Log ruggedness

∆ Log elevation

∆ Mountain >1000m

(1)

Table A.2: Additional controls: Geography and the border index, deviations from neighboring cells.
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Table A.3: Cross-correlations between the change in border index and
geography variables.
Change in border index
Mountain >2000m
Mountain >1000m
Log elevation
Log ruggedness
Small river dummy
Big river dummy
Ag. suit. rainfed
Ag. suit. irrig.
Log dist. to coast
Coast dummy
Log rainfall
Log temperature
Number of obs.

0.006
(0.660)
0.023
(0.099)
−0.003
(0.803)
−0.005
(0.718)
−0.033
(0.018)
−0.080
(0.000)
−0.030
(0.030)
0.091
(0.000)
−0.007
(0.635)
0.079
(0.000)
−0.099
(0.000)
0.079
(0.000)
413

Notes: Correlation coefficients between select geography variables and the change in the border index
(Bi ) when treating the Holy Roman Empire as unified instead of non-unified as in the benchmark case;
p-values in parentheses. The correlations are based
only on those 413 cells for which the border index
changes.

∗∗∗

0.20
5202

R2
Number of obs.
0.20
5202

Yes
1 deg.

0.039∗∗∗
(0.005)
0.105∗∗∗
(0.014)
0.060∗∗∗
(0.013)
−0.007
(0.025)
−0.108∗∗∗
(0.018)
−0.238∗∗∗
(0.045)
−0.046∗∗∗
(0.012)

0.038∗∗
(0.017)

(2)
∗∗∗

0.21
5202

Yes
1 deg.

−0.003
(0.009)
0.034∗∗∗
(0.007)
0.106∗∗∗
(0.014)
0.057∗∗∗
(0.012)
−0.013
(0.025)
−0.111∗∗∗
(0.018)
−0.213∗∗∗
(0.046)
−0.061∗∗∗
(0.013)
0.044∗∗∗
(0.009)
−0.002
(0.031)

0.117
(0.040)

(3)

0.20
5202

Yes
1 deg.

0.035∗
(0.019)
−0.007
(0.009)
0.035∗∗∗
(0.007)
0.106∗∗∗
(0.014)
0.056∗∗∗
(0.012)
−0.016
(0.026)
−0.107∗∗∗
(0.018)
−0.212∗∗∗
(0.047)
−0.059∗∗∗
(0.013)
0.044∗∗∗
(0.009)
−0.018
(0.033)

(4)
∗∗∗

0.20
5202

Yes
2 deg.

0.041∗∗∗
(0.007)
0.105∗∗∗
(0.017)
0.061∗∗∗
(0.015)
−0.003
(0.034)
−0.112∗∗∗
(0.026)
−0.245∗∗∗
(0.068)
−0.049∗∗∗
(0.014)

0.115
(0.043)

(5)

0.20
5202

Yes
2 deg.

0.039∗∗∗
(0.007)
0.105∗∗∗
(0.017)
0.060∗∗∗
(0.015)
−0.007
(0.034)
−0.108∗∗∗
(0.026)
−0.238∗∗∗
(0.068)
−0.046∗∗∗
(0.015)

0.038∗
(0.022)

(6)

Dependent variable: Border frequency 1500-2000

∗∗

0.21
5202

Yes
2 deg.

−0.003
(0.012)
0.034∗∗∗
(0.009)
0.106∗∗∗
(0.017)
0.057∗∗∗
(0.014)
−0.013
(0.035)
−0.111∗∗∗
(0.026)
−0.213∗∗∗
(0.066)
−0.061∗∗∗
(0.017)
0.044∗∗∗
(0.013)
−0.002
(0.041)

0.117
(0.047)

(7)

0.20
5202

Yes
2 deg.

0.035
(0.024)
−0.007
(0.013)
0.035∗∗∗
(0.009)
0.106∗∗∗
(0.017)
0.056∗∗∗
(0.014)
−0.016
(0.035)
−0.107∗∗∗
(0.026)
−0.212∗∗∗
(0.066)
−0.059∗∗∗
(0.018)
0.044∗∗∗
(0.013)
−0.018
(0.041)

(8)

Notes: Ordinary least squares regressions with Conley standard errors in parentheses, computed under the same assumptions
as in Table 4.4. The dependent variable is the fraction years 1500-2000 that the cell had a border (Bi ). All columns include
latitude fixed effects. Columns (1) through (4) use 1 degree cutoffs, while columns (5) through (8) use 2 degree cutoffs. *
indicates p <0.10, ** p <0.05, and *** p <0.01.

Yes
1 deg.

0.041∗∗∗
(0.005)
0.105∗∗∗
(0.014)
0.061∗∗∗
(0.012)
−0.003
(0.025)
−0.112∗∗∗
(0.018)
−0.245∗∗∗
(0.045)
−0.049∗∗∗
(0.011)

0.115
(0.037)

Latitude F.E.
Cutoffs

Log temperature

Log rainfall

Coast dummy

Log dist. to coast

Ag. suit. irrig.

Ag. suit. rainfed

Small river dummy

Big river dummy

Log ruggedness

Log elevation

Mountain >1000m

Mountain >2000m

(1)

Table A.4: Different Cutoffs: Geography and the border index.
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0.04
5202

R2
Number of obs.
0.04
5202

Yes
8 nb.
2 deg.
0.05
5202

Yes
8 nb.
1 deg.

0.037∗
(0.022)
0.008
(0.012)
0.016∗∗
(0.007)
0.064∗∗∗
(0.012)
0.020∗∗
(0.010)
−0.067∗
(0.036)
0.020
(0.019)
−0.554∗
(0.321)
0.012
(0.011)
0.071∗
(0.039)
−0.166∗∗
(0.074)

(3)

(4)

0.05
5202

Yes
8 nb.
2 deg.

0.037∗∗
(0.019)
0.008
(0.011)
0.016∗∗∗
(0.006)
0.064∗∗∗
(0.010)
0.020∗∗
(0.009)
−0.067∗∗
(0.030)
0.020
(0.017)
−0.554∗
(0.318)
0.012
(0.011)
0.071∗
(0.037)
−0.166∗∗∗
(0.061)

0.04
5202

Yes
24 nb.
1 deg.

0.033∗∗∗
(0.005)
0.051∗∗∗
(0.013)
0.022∗∗
(0.010)
−0.059∗
(0.030)
0.002
(0.018)
−0.163
(0.243)
0.012
(0.011)

0.065∗∗∗
(0.019)

(5)

0.04
5202

Yes
24 nb.
2 deg.

0.033∗∗∗
(0.004)
0.051∗∗∗
(0.011)
0.022∗∗
(0.009)
−0.059∗∗
(0.026)
0.002
(0.016)
−0.163
(0.241)
0.012
(0.011)

0.065∗∗∗
(0.016)

(6)

(7)

0.05
5202

Yes
24 nb.
1 deg.

0.028
(0.020)
0.003
(0.010)
0.024∗∗∗
(0.006)
0.053∗∗∗
(0.012)
0.024∗∗
(0.010)
−0.046
(0.030)
0.010
(0.018)
−0.117
(0.254)
0.020
(0.012)
0.077∗∗
(0.031)
−0.132∗∗∗
(0.051)

0.05
5202

Yes
24 nb.
2 deg.

0.028
(0.018)
0.003
(0.009)
0.024∗∗∗
(0.006)
0.053∗∗∗
(0.011)
0.024∗∗∗
(0.009)
−0.046∗
(0.026)
0.010
(0.016)
−0.117
(0.250)
0.020∗
(0.011)
0.077∗∗∗
(0.027)
−0.132∗∗∗
(0.046)

(8)

Notes: Ordinary least squares regressions with Conley standard errors in parentheses, computed under the same assumptions as
in Table 4.4. As in Table 4.5, the dependent and independent variables are local deviations from the eight closest neighboring
cells. All columns include latitude fixed effects. Columns (1) through (4) use 8 neighbor cells, while columns (5) through (8)
use 24 neighbor cells. Columns with odd numbers use 1 degree cutoffs, while columns with even numbers use 2 degree cutoffs.
* indicates p <0.10, ** p <0.05, and *** p <0.01.

Yes
8 nb.
1 deg.

0.026∗∗∗
(0.004)
0.061∗∗∗
(0.010)
0.017∗
(0.009)
−0.087∗∗∗
(0.030)
0.015
(0.017)
−0.517∗
(0.308)
0.002
(0.010)

0.071∗∗∗
(0.018)

0.026∗∗∗
(0.005)
0.061∗∗∗
(0.011)
0.017∗
(0.010)
−0.087∗∗
(0.034)
0.015
(0.018)
−0.517∗
(0.309)
0.002
(0.010)

(2)
0.071∗∗∗
(0.017)

(1)

Latitude F.E.
Neighbors
Cutoffs

∆ Log temperature

∆ Log rainfall

∆ Coast dummy

∆ Log dist. to coast

∆ Ag. suit. irr.

∆ Ag. suit. rainfed

∆ Small river dummy

∆ Big river dummy

∆ Log ruggedness

∆ Log elevation

∆ Mountain >1000m

Dependent variable: ∆ Border frequency 1500-2000

Table A.5: Different Cutoffs: Geography and the border index, deviations from neighboring cells.

APPENDIX
211

212

STATE FRAGMENTATION

Sammanfattning
Denna avhandling består av tre fristående uppsatser som handlar om
land, makt och teknologi. De två första uppsatserna undersöker effekterna av en historiskt sett storskalig jordreform i Japan och den sista
uppsatsen studerar de geografiska effekterna av statsfragmentering i Europa och omgivande områden. Samtliga uppsatser är förenade genom
land (eller jord).
I den slaviska och japanska litteraturen används “jord” ofta som en
metafor för alla människor, djur och växter som bor på samma planet.
Detta innefattar inte bara allt nu levande, utan även deras förfäder.
Exempelvis så gillar Fjodor Dostojevski att använda ett sådant uttryck
som att “kyssa jorden” i sina verk. Zen-författaren Daisetz T Suzuki
använder också en liknande metafor i sina senare verk. “Jorden” kan
vara stabil, fundamental, gemensam eller hel, men den innefattar även
sådant som har liv och historia.
Land har även ett stort antal verkliga betydelser för oss. Människan skapade samhället på land och olika kulturer, religioner och språk
florerade där. De konsumerar den mat som produceras på land för att
överleva. Ekonomiska och politiska system, och även människorna själva, har också utvecklats på land. Avhandlingen studerar de olika roller
land har för människors liv och samhällets utveckling.
Den första uppsatsen, med titeln Jordägande och utveckling:
Bevis från Japan efter andra världskriget (Land Ownership
and Development: Evidence from Postwar Japan), studerar jordägandets roll för införandet av ny teknologi och ekonomisk tillväxt. Den
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består av två delar: den första delen är en empirisk mikrostudie av jordägande för införandet av ny teknologi och den andra delen är en kvantitativ makroekonomisk studie av arbetskraftomallokering för ekonomisk
tillväxt.
Säkra äganderätter har ansetts vara en viktig förutsättning för ekonomisk utveckling. Nylig empirisk litteratur visar också att den påverkar
olika utfall. Exempelvis finner flera forskare att äganderätter ökar jordbruksinvesteringarna, vilket överensstämmer med den observation som
gjordes av 1700-talsförfattare så som Adam Smith och Arthur Young.
Utöver äganderätter så hävdar den äldre litteraturen även att spridningen av avancerad teknologi inom jordbruket är förknippad med ekonomisk utveckling. I själva verket så rapporteras det ofta att den takt
med vilken avancerade teknologier införs är låg i många utvecklingsländer. Nyliga empiriska studier har funnit olika hinder för införandet av
nya teknologier inom jordbruket. Den första delen av denna uppsats lägger främst till nya kausala bevis till dessa delar av litteraturen för att
jordägande ökar införandet av nya jordbruksteknologier.
Ett naturligt experiment som inträffade i Japan efter andra världskriget (1947-50) överförde jordägandet från godsägare till arrendatorer
som brukat jorden. Det var en historiskt stor omfördelningspolitik och
ca 6 miljoner jordbrukshushåll var berörda. Att bli jordägare innebar att
jordbrukarna erhöll den exklusiva rätten att bruka sin jordbruksmark.
Denna uppsats studerar sannolikheten att dessa jordägande bönder införde de nya jordbruksmaskiner som blev tillgängliga efter jordreformen
och vilka dramatiskt förändrade metoderna för jordbruksproduktion.
Jag finner att de kommuner som hade många jordägande bönder
efter jordreformen tenderade att uppleva en snabb entré av nya jordbruksmaskiner jämfört med de kommuner där fler jordbrukare förblev
arrendatorer. Vidare, eftersom den nya teknologin hade en arbetskraftsbesparande effekt så minskade införandet av dessa maskiner beroendet
av familjearbetskraft inom jordbruket. Detta ledde till en omfördelning
av arbetskraft från jordbruk till industrin och servicesektorer i tätorter
när dessa sektorer växte. Dessa migranter var unga och utgjordes av den
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andra eller yngre sonen eller dottern som just hade gått ut grundskolan
eller gymnasiet.
Den andra delen av uppsatsen visar att jordägarreformen påverkar
ekonomisk tillväxt genom omallokering av arbetskraft. Jag simulerar en
tillväxtmodell genom att använda data på kommunnivå vilka används i
den empiriska delen. Jag kör också kontrafaktiska simuleringar för att
göra en jämförelse med grundläggande resultat (s k baseline results).
Jämfört med det kontrafaktiska fallet vilket antar att det inte skedde
någon jordreform finner jag att den har en stor positiv effekt på industriell utveckling och ekonomisk tillväxt. Denna reform gav många
jordbrukare med äganderätt som var motiverade att anta nya teknologier, vilket gjorde det möjligt att omallokera fler arbetare till industrier
och servicesektorer i tätorter när dessa sektorer växte. Slutligen finner
jag också en stor och positiv effekt på jordbrukets produktivitet. Enligt författarens kännedom är detta det första papper som analyserar
effekterna av jordägarreformer på strukturomvandling.
Rönen kan ha implikationer för utvecklingsländer där säkra äganderätter ännu inte har etablerats. I dessa länder, framför allt de i Afrika
söder om Sahara, så är en stor del av befolkningen fortfarande sysselsatt
inom jordbrukssektorn och mekaniseringen inom den sektorn är ännu inte tillräckligt utbredd.
Den andra uppsatsen, med titeln Lojalitet och förräderi: Teori
och bevis från Japans jordreform (Loyalty and Treason: Theory and Evidence from Japan’s Land Reform) studerar hur förändringen i den sociala och ekonomiska strukturen i små samhällen påverkar
valutfallen vid förekomsten av klientelism.
Så kallade patronus så som politiker, byledare och godsägare kan
använda klientelistiska nätverk för att påverka klienternas valbeteende.
Sådan klientelistisk röstning existerar eller har existerat även i länder
där valhemlighet redan har införts. Möjliga förklaringar till detta skulle kunna vara att patronus fortfarande får tillgång till relativt korrekt
information om varje individs valbeteende genom att använda bättre
kontrollfunktioner och de kan ingjuta personliga förpliktelser eller ut-
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nyttja socialt tryck för att puffa på väljare. Frågan är om det finns
någon politik som kan bryta upp klientelistiska band i ett sådant fall.
I denna uppsats finner jag att väljarandelen sjönk för konservativa
partier i områden som var mycket påverkade av reformen och att den
effekten var relativt bestående. Som kontrast så finner jag att väljarandelen för kommunistpartiet ökade, trots att den inte förändrades alls
för socialistpartiet eller det största vänsterpartiet vid den tiden. Uppsatsen visar de stödjande bevisen för att effekten drevs av det faktum
att arrenderande bönder som hade erhållit jord försvann från de långa
arrendekontrakten och blev oberoende jordägare. Dessa resultat överensstämmer med förutsägelserna i min modell. Slutligen så finner jag även
det överraskande resultatet att det skedde en minskning, snarare än en
ökning, i valdeltagandet i dessa områden efter reformen. Uppsatsen lägger till nya kausala bevis för att avslutandet av arrendekontrakt, snarare
än införandet av hemlig röstning, minskar det klientelistiska röstandet
bland före detta arrenderande bönder.
Den sista uppsatsen, med titeln Geografi och statsfragmentering (Geography and State Fragmentation), samförfattad med
Nils-Petter Lagerlöf, undersöker hur geografin påverkar gränsernas placering mellan självständiga stater i Europa och omgivande områden från
år 1500 fram tills i dag. Detta motiveras av observationen att de rikaste
platserna i denna region också har den högsta förekomsten av historiska
gränser.
Många lärda har betonat fördelarna med statsfragmentering för förindustriell ekonomisk och institutionell utveckling. Konkurrens mellan
staterna och hotet om emigration av talangfulla individer kan skapa
incitament för den härskande eliten att bygga upp bättre institutioner
och främja teknologiska innovationer. Så som påpekas i Jared M Diamonds Guns, Germs, and Steel, så är Europa synnerligen fragmenterat
jämfört med andra regioner, så som Kina. Vad förorsakar Europas fragmentering? Vi undersöker för första gången de empiriskt orsakerna till
statsfragmentering.
Vi använder olika datakällor för att mäta topografiska egenskaper
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på rutcellsnivå. Vidare använder vi digitala historiska kartor över Europa och omgivande områden för att mäta förekomsten av gränser i
varje cell. Vi finner att gränser tenderar att finnas på berg, vid floder,
närmare kusterna och i områden som är lämpliga för regnförsörjt, men
inte bevattnat, jordbruk. De fragmenterade effekterna av lämplighet för
regnbevattnat jordbruk är de omvända på lokal nivå. Vi relaterar dessa
rön i termer av lämplighet för jordbruk till Karl A Wittfogels Oriental
Despostism i vilken han hävdar att storskaliga bevattningsprojekt tenderar att göra samhällen mer despotiska. Våra rön tyder på att imperier
uppstår senare, och sålunda är mindre och färre, i regioner som är mer
beroende av regnförsett än bevattnat jordbruk, framför allt Västeuropa. Men när imperier faktiskt uppstår i regioner som är lämpliga för
regnförsörjt jordbruk, tenderar de att expandera in på de landområden
som är mest lämpliga för sådant jordbruk. Slutligen finner vi att gränser
mindre sannolikt överlever med tiden när de separerar stora från små
stater, men att denna storleksdifferens effekt mildras av t ex kuperad
terräng.
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